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INTRODUCTION 
Single crosses of maize (Zea mays L.) are the most common and accept­
able cultivars for commercial production by farmers in the U.S. Two spe­
cific parent inbred lines are crossed to produce a single-cross cultiver. 
The inbred parents are known, through testing, to contain the necessary 
genetic factors to produce the desired single cross. The most laborious 
task to the plant breeder, therefore, is to develop and identify inbred 
lines that contain these necessary genetic factors. 
The arts and sciences of maize breeding have advanced significantly 
in this century. Basically, however, the development of inbred lines has 
remained the same. The breeder normally selects the more desirable plants 
from a source population and, by either self-fertilization or sib-fertili­
zation, the progenies are advanced for several generations until the de­
sired level of homozygosity is achieved. Plant breeders employ varying 
degrees of selection during the inbreeding process, but, regardless of 
what method of selection is used, selfing or sibbing must be used to pro­
duce inbred lines. As the inbreeding process continues, plants within 
any line approach uniformity while differences among lines increase. It 
would be of great benefit to the plant breeder if the expression of vigor 
in the inbred lines could be used as an indicator in the selection and de­
velopment of inbred lines as foundation material for the production of 
single crosses. Early elimination of undesirable lines based on visual 
selection is desirable from an economic standpoint; however, visual selec­
tion will be effective only if plant traits selected for in the inbreds 
are associated with hybrid performance. It is also equally important to 
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know the relationship among inhred characters "because these associations 
will be important in the selection toward those characters. A convenient 
way to study these associations is by the use of correlation analyses. 
Correlations between inbred traits and hybrid performance in maize 
have been performed by numerous investigators. Few investigators, how­
ever, have used unselected material in their studies; consequently, re­
sults of these earlier studies may have been confounded by effects that 
selection could have had on genetic relationships between inbred parents 
and hybrid progenies. In addition, the effect nitrogen fertility has up­
on associations between inbreds and hybrids has not been explored to any 
great extent. 
There were two basic objectives for the first portion of my study. 
The first objective was to determine if differences among single crosses 
were present for efficiency of nitrogen utilization and to what extent 
these differences could be predicted from inbred parental performance. 
The second objective was to determine the effects of nitrogen fertiliza­
tion on the relationships among traits in inbreds and in hybrids and be­
tween inbred and hybrid performance. Correlation studies used to study 
these relationships included the following: Cl) among plant, ear, and 
grain characters of inbred lines and their single crosses at various ni­
trogen fertility levels, and (2) between plant, ear, and grain characters 
of the inbred lines and their single crosses at various nitrogen fertility 
levels. 
An inbred line must combine well with another inbred line to produce 
the desired single cross and they must also have acceptable levels of 
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expression for agronomie characters per se. An inbred line must yield 
adequately for maintenance of the line and also for production of hybrid 
seed if the line serves as the female parent. With the introduction and 
commercial use of single-cross hybrids, this latter trait has increased 
in significance. Once a superior inbred line has been selected, its 
yield potential can be better achieved through proper cultural practices. 
Nitrogen fertilizer has been observed in most crops as being the 
first major mineral nutrient that becomes limiting to normal plant 
growth. Research investigating maize response to nitrogen fertilization 
has traditionally been conducted by using hybrids as the experimental 
material. Time and rate of nitrogen fertilizer application has been seen 
to be an important consideration in a fertility program. Several studies 
have indicated that applying additional nitrogen fertilizer to hybrid 
maize during the growing season can result in increased yields. These 
studies indicate that the availability of nitrogen in the soil becomes 
limiting to plant growth during the growing season. Inbred total root 
growth and depth of penetration in the soil is less when compared with 
hybrid maize. Since the inbred root zone is restricted, leaching of ni­
trogen to deeper portions of the soil profile during the growing season 
could result in nitrogen déficiences. Also, total plant growth and grain 
yield are appreciably less for inbreds compared with hybrids. This sug­
gests that the rate of nitrogen application needed to maximize grain yield 
may be less for inbred lines. 
There were three basic objectives for the second part of my study 
concerning the effect of nitrogen fertilizer on inbred performance: 
k 
(l) to determine if a preplant in conjunction with a sidedress applica­
tion of nitrogen fertilizer during the growing season would result in 
higher yields versus a single preplant application at planting; (2) to 
determine the rate of application that gave maximum grain yield; and 
(3) to determine if differences in response among inbred lines existed 
with respect to time and rate of nitrogen application. 
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LITERATURE REVIEW 
Correlation Studies 
The intensive development of inbred lines and evaluation of these 
lines in hybrid combinations began in the 1920's (Jugenheimer, 1976). 
Plant breeders had realized before this time that producing inbred lines 
was a fairly simple operation because maize can be easily self-fertilized. 
The problem that surfaced was to handle the many inbred lines that were 
possible in even the most simplified programs. Shull (1909) had first 
proposed that, to find the best inbreds, it would be necessary to make as 
many self-fertilizations as possible year after year until homozygosity 
to the desired level was attained. Once this goal was reached, all the 
possible crosses among the inbreds would be made and the progenies 
would be evaluated for grain yield and other desired traits. Richey 
(192I+) also concluded that the true worth of an inbred line could be made 
only after evaluation of its crosses. Richey and Mayer (1925) additional­
ly concluded that the purpose of inbreeding was to isolate pure lines that 
were distinctively different on which selection could be imposed, but that 
the final selection of lines must be based on hybrid performance. 
Kiesselbach (1922) was among the first workers to indicate that there ap­
peared to be somewhat of a relationship between inbred and hybrid perform­
ance, although there were exceptions. 
Nilsson-Leissner (1927) studied the relationship between lU dent and 
9 flint inbreds and their respective hybrids. Positive correlation coef­
ficients were obtained for the mean yield of the two inbred parents with 
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the yield of their respective F^'s. In addition, positive correlations 
were obtained in all cases between characters studied in the inbred lines 
and the same characters of the crosses. The simple correlations of 
percentage of second ears, length of ear, number of kernel rows, and 
height of plant of the inbred lines with yield of the F^ crosses were all 
positive and significant, except the correlation for percentage of second 
ears of the parents with yield of the F^ crosses in the dents, which was 
not significant. He also obtained a multiple correlation coefficient be­
tween the yield of the crosses and the parental means for yield, length 
of ear, number of kernel rows, percentage of second ears, and plant 
height. The multiple correlations were 0.6? and 0.82 for the dent and 
flint groups, respectively. Based on his correlations, Nilsson-Leissner 
concluded that it would be advisable to select in the selfed lines for 
the characters that are desired and to use only the most vigorous lines 
for crossing. Actual testing of the crosses would then be required to de­
termine which lines gave the better F^ combinations. 
Among the earliest, most comprehensive studies was the one performed 
by Jenkins (1929). He not only correlated characters between inbreds and 
their hybrid progenies, but also examined the relationship of characters 
within the inbred and hybrid groups. Within inbred lines, positive and 
significant correlations were obtained between yield and ear length, ear 
diameter, plant height, shelling percentage, and number of ears per 
plant. In addition, significant negative correlations were obtained be­
tween yield and date of silking, chlorophyll grade, and maturity of har­
vested ears. Correlations obtained between characters of the inbreds and 
7 
F^'s and also within F^'s were similar. Significant and positive corre­
lations were obtained between yield and dates of silking and tasseling, 
ear length, ear diameter, plant height, number of ears, and number of 
nodes per plant. For both the inbred and hybrid groups, the multiple cor­
relation coefficient was highest between yield and the ear traits, fol­
lowed by the correlation between yield and the group of characters indi­
cating plant vigor and size. 
Davis (1929) suggested that the relative merits of inbred lines 
could be determined in earlier generations by use of a topcross to meas­
ure combining ability. He crossed 27 lines to a common open-pollinat­
ed variety and evaluated the topcross progeny in a yield test. He con­
cluded that lines obtained for additional selfing could be determined by 
comparing topcross yield to the yield of the common pollinator. Jenkins 
and Brunson (1932), in a separate study with different material, drew the 
same conclusion as did Davis (1929). 
Jenkins (1935) presented the strongest evidence for using early gen­
eration testing to eliminate lines with poor combining ability. His study 
evaluated the effect of inbreeding and of selection within 28 lines of 
maize upon the hybrids made after eight generations of selfing. Data he 
obtained in topcrosses indicated that instead of basing selection strictly 
on phenotypic values one could determine the potential worth of an inbred 
line by early testing of the topcross progeny. Lines with above average 
combining ability would then be continued in the breeding nursery. 
Richey (19^5) agreed with Jenkins (1935) that testcrosses were a good 
criterion for determining combining ability at any stage of inbreeding. 
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but that, until fixation was achieved, the actual worth of a line in hy­
brid combinations could not be determined by testcrosses. Richey believed 
that selection on a selfed progeny basis would be effective if recessive 
genes with large effects, but in low frequencies, were eliminated. He 
outlined a program that used visual selection initially to eliminate un­
desirable recessive genes followed by testing for combining ability. 
Lines showing good combining ability were then intercrossed. Following 
this latter step, inbred line development would then be done by selection 
based on selfed progeny performance. 
Singleton and Nelson (19^5) believed that selection based on topcross 
performance would not be effective until at least three generations of 
selfing had been achieved. They believed that testing earlier than the 
third generation would not be effective mainly because the lines are seg­
regating to such a degree that the relative combining ability of the lines 
would not be determined. Sprague (1946) determined that Jenkins' (1935) 
proposal for early testing was valid when he evaluated 16T plants from 
Iowa Stiff Stalk Synthetic. S^ plants and their respective S^ lines were 
crossed onto a tester and yield was correlated between the two topcross 
progenies. A correlation coefficient of 0.85 was obtained between the two 
groups of material indicating that the early testing procedure could be 
used to identify lines with above-average hybrid performance before pro­
ceeding with visual selection and inbreeding within and among inbred prog­
enies. This process of using a topcross in an early generation to discard 
lines with poor general combining ability has become a common practice in 
maize breeding programs. 
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Double-cross hybrids comprised the majority of hybrids being grown 
commercially until the 1950's. Single-cross hybrids, although desirable, 
were not economically feasible for production because of the inherent low 
grain yield of inbreds. It was more profitable to cross two selected 
hybrids and sacrifice the lower grain yield of the commercial product for 
higher seed production. Through time, however, the yield of inbred lines 
per se increased to a point where the production of single-cross hybrids 
outweighed the advantages of double crosses. Grain yield of the hybrid 
is still the most important trait for plant breeders to consider today. 
Far greater attention, however, is now being given to inbred line yield 
per se than in earlier years. 
Center (1963) hypothesized that if additive and dominant gene effects 
are the principal cause of heterosis then progeny performance in early 
generation inbred lines should evaluate their combining abilities better 
than should testcrosses. One problem associated with identifying desir­
able traits in inbred lines based on testcross perform.an.ce is the m.asking 
effect of genes from the tester. As such, the genotype of the inbred may 
not be adequately expressed in the testcross progeny. Selection in the 
inbred progeny would enable the breeder to make simultaneous selection for 
many inbred traits more critically than would testcross performance alone. 
Lonnquist and Lindsey (1964) examined this hypothesis by using I69 
lines per se. They also crossed these lines to a related tester and 
an unrelated tester. Significant, positive correlation coefficients were 
obtained among the three procedures for grain yield, moisture at harvest, 
and plant and ear height. Grain yield gave the lowest correlation 
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obtained. In addition, correlations were higher with the unrelated tester 
compared with the related tester. Although there was a greater range for 
line means per se compared to the testcrosses, a higher genotype x en­
vironment interaction was also observed. 
Nanda (1966) further investigated inbred line performance compared 
to testcross performance. Eight inbred lines were crossed to an open-
pollinated variety and to two single crosses. Correlations between the 
testcrosses and the inbred lines for maturity characters, plant and ear 
height, and ear length were high enou^ to predict hybrid performance 
based on inbred line performance. Low correlations were observed between 
the inbred lines and testcrosses for grain yield and shelling percentage. 
Mann et al. (1978) used four inbred lines of maize selected for high 
protein content of the grain and eight conventional lines in a complete 
diallel design. Correlations were computed between traits for the inbreds 
with the same trait in their hybrid. Correlations were performed by two 
methods: (1) between each inbred line and the mean of those hybrids for 
which the respective line was one of the parents, (2) between the means 
of two inbred lines and their specific hybrid. The first procedure tended 
to give the higher correlations. Significant correlation values were ob­
tained for crude protein content of grain with whole plant, ear weight 
and height, and plant height. The correlations ranged from 0.95 to O.85. 
They concluded that initial selection of these traits could be based on 
inbred line performance. The correlation value for grain yield was 0.63. 
Although this was significant, they concluded that testcrosses would be 
necessary to determine the inbred lines with the best combining ability. 
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Percent protein in the grain correlated to grain yield usually shows 
a significant negative relationship (Frey, 1951; and Dudley and de la 
Roche, 1977). In several reports, however, a nonsignificant relationship 
has been observed (Woodworth and Jugenheimer, 19^8; Sreeramula and Bauman, 
1970). In these latter cases, small variation in protein percentage of 
the material could account for the lack of relationship. A recent report 
by Pollmer et al. (1978b) examined this relationship among 90 hybrids of 
maize where a wide variation for grain yield and percent protein in the 
grain was present. No relationship between the two characters was ob­
served. The possibility for producing a hybrid with high grain yield and 
percent grain protein may be possible if, during inbred selection, lines 
are simultaneously selected for high levels of protein and good combining 
ability. Pollmer et al. (1978a) have demonstrated that progress can be 
made with simultaneous selection for these two characters. 
Plant breeders are continuously seeking methods to make their breed­
ing programs more efficient with the same aanount of input. In recent 
years, several experiments have been conducted to determine the effects of 
plant density on inbred selection and relationship of plant characters. 
Russell and Teich (1967) determined that visual selection of inbred lines 
at high plant densities was as effective as early testing in identifying 
lines with above-average combining ability. El-Lakany and Russell (1971) 
evaluated the correlations among plant traits for testcrosses at three 
plant densities (low, intermediate, and high). At the low plant density, 
only plant and ear heights were correlated significantly with yield; ear 
diameter and shelling percentage, in addition to plant and ear heights 
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were correlated significantly at the intermediate density; at the high 
density all characters except 300-kernel weight and dates of pollen shed 
and silk emergence were correlated significantly with yield. 
Several studies, most notably Russell and Teich (I96T) and El-Lakany 
and Russell (19TI), suggest that higher correlations "between inbred and 
hybrid traits might be obtained in environments where individual plants 
are subjected to an environmental stress. Manipulation of plant densities 
allows the breeder to create an environment with a high productivity po­
tential with a stress "being imposed on individual plants within the popu­
lation. 
Russell and Machado (1978) investigated this possibility with mater­
ial that had been developed by five different methods. Four of these 
methods involved the visual selection of inbred lines at various plant 
densities and for various ear traits. The fifth method involved early 
testing of inbred line testcrosses at high plant densities. The effect 
of plant densities on the relationship of plant traits vas examined "both 
among inbred lines and between traits of the inbreds with their testcross 
yields. Grain component traits, except ear row number, were generally 
positively correlated with inbred yield. Inbred plant traits, except de­
lay in silk emergence, showed no strong relationships with inbred yield. 
Higher r-values were generally obtained at the higher plant density 
(59,000 plants/ha) compared to the lower density (29,000 plants/ha). 
The correlations Russell and Machado (1978) obtained for inbred 
traits with testcross yields showed that the inbred plant traits had 
little predictive value for testcross yields. In addition, plant 
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densities had little effect on the relative values of the correlation 
coefficients. Somewhat "better correlations were obtained between several 
inbred grain traits and testcross yields, most notable were ear length, 
weight/300 kernels, and inbred yield. Generally, r-values for inbred ear 
and grain traits with testcross yields increased for higher densities. 
The highest multiple correlation coefficients (R) were obtained for 
testcross yields with 13 inbred traits. The R-value for testcross yield 
with inbred ear and grain traits was nearly as high as when all traits 
were used. The R-values for the testcross yields with plant traits gen­
erally decreased with higher densities, whereas, for testcross yields 
with ear and grain traits, they increased with higher densities. 
Russell and Machado (1978) concluded from their observations that 
effective visual selection of inbred lines can be done in early genera­
tions for those highly heritable traits in the inbred lines that will be 
expressed in hybrid combinations. Visual selection for inbred ear and 
grain traits should also be possible in early generations to increase the 
probability of obtaining lines that give above-average production in hy­
brid combinations. Their results favor the development of inbred lines 
in a high plant density or of two-eared lines in a low plant density as 
opposed to single-eared types in a low plant density. Evaluating two-
eared lines in a high plant density would have confounding effects on the 
number of ears. They also suggest that effective visual selection for 
inbred traits in segregating progenies usually will not extend beyond 
three generations of inbreeding. Evaluation of testcross progenies should 
therefore be performed preferably at the generation to determine which 
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lines to continue in the "breeding nursery. 
Several problems are encountered in trying to compare correlation 
values from one experiment to another. The genetic material used is usu­
ally different, thus this may have some effects on correlation values. 
Secondly, the values obtained may be different if the material is grown 
under different environmental conditions. Thirdly, and possibly most im­
portantly, a small number of lines is generally used and usually these 
are a selected sample. The importance of this latter point was clearly 
demonstrated by Gama and Hallauer (1977) in which they studied the rela­
tionships between l60 S^ random inbred lines and 320 single crosses of 
maize developed from Iowa Stiff Stalk Synthetic. The material was divid­
ed into sets with a small number of lines in each set. The correlation 
coefficients were then obtained for each set and combined over sets. 
Within sets, an array of highly significant, positive or negative, corre­
lation coefficients could be obtained. When combined over sets, however, 
the correlation value was often not significant indicating that sample 
size is an important consideration. Results from their study investigat­
ing the simple correlations between plant and ear traits of inbred lines 
with single-cross hybrids indicated little relationship for this genetic 
material. Their study was conducted at only one density, thus the rela­
tionship might have been different under a different set of environmental 
conditions. 
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Response to Nitrogen Fertility 
The first major mineral nutrient that normally becomes limiting to 
maize yield is nitrogen. Farmers have, therefore, strived to provide ade­
quate levels of this nutrient to maximize yields and, for the most part, 
have been successful. Adequate nitrogen implies that the minimal amount 
of nitrogen has been supplied and not the level which is economically op­
timal for maximum yield. In past years, rates of nitrogen fertilizer 
have often been above the optimal levels. This was economically feasible 
in assuring the farmer of having enough nitrogen for his crop. In more 
recent years, rising costs and availability of nitrogen fertilizer have 
restricted the farmer somewhat to applying nitrogen fertilizer at optimum 
rates and at the same time to avoid over fertilization. 
The uptake of nitrogen by the maize plant occurs principally by two 
methods, uptake from the soil by the roots and uptake by the leaves from 
a foliar application. The first of these is by far the most important. 
As such, a knowledge of root development would be a useful aid in determin­
ing proper placement of nitrogen fertilizer for the most efficient uptake. 
Foth (1962) examined the root development of one hybrid through the 
growing season. Early root growth occurred largely in a downward-diagonal 
direction followed by extensive lateral growth at the 12-15 inch depth in 
the soil. This growth was completed a week or two before tassel emer­
gence. Extensive growth of roots below 15 inches occurred near tasseling 
time and by the early soft dough stage root growth ceased. 
Mengel and Barber (197^) point out that there is a general lack of 
knowledge in root development. The study of root growth under field 
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conditions "becomes laborious because roots must be removed to determine 
growth. The removal of roots from the soil is rarely achieved adequately 
because it is difficult to recover all roots. In addition, studying root 
growth in solution cultures may not be a good indicator of root growth 
under field conditions. 
Mengel and Barber (197^) determined that root length and fresh weight 
increased rapidly during 80 days following planting, remained relatively 
constant the next lU days, and then decreased rapidly when the plants 
were in the reproductive stage. The constant level was observed because 
old roots were dying as fast as new ones were formed giving no change in 
net amount. They also determined that the maximum root density in the 
0- to 15-cm zone was U.l cm/cm^ at T9 days. Root density in the 0- to 
15-cm zone was greatest when the sample was taken midway between rows. 
The lower soil zones reached maximum root density one to two weeks later. 
Linscott et al. (1962) conducted a study in eastern Nebraska on 
loamy sand and silty clay loam soils to determine if there were differ­
ences in root growth caused by nitrogen fertilization. One hybrid was 
used at two levels of applied nitrogen fertilizer (O and 220 kg/ha). 
Root development and extraction were greater for the fertilized plots in 
early growth but were essentially the same for the two treatments at ma­
turity. It was concluded that good nitrogen nutrition, which resulted in 
increased root production, increased subsequent moisture utilization dur­
ing a critical period of plant development prior to and during tasseling 
and thus resulted in higher yields. 
Warncke and Barber (197^) determined that root growth increased 
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exponentially with time until the tasseling stage after which the rate 
decreased. Rates of nutrient uptake were greatest for the first growth 
stage (19-25 days after emergence) and decreased with plant age. 
Hanway (l962h) noted that differences in nitrogen fertility influenced 
the amount of nitrogen taken up by maize plants, but did not markedly 
change the seasonal pattern of uptake and distribution of nitrogen in the 
plant. He used seven dates of sampling and at each sampling the plant was 
separated into various components to study the distribution of absorbed 
nitrogen. Nitrogen accumulated in each plant part as that part grew. In 
general, there was little translocation of nitrogen from one part to an­
other until the grain-filling period. At this time, nitrogen was trans­
located from all plant parts to the developing grain. Translocation of 
nitrogen from the cob, husk, and stalk preceded movement from the leaves. 
It was estimated that, at the peak of leaf-nitrogen accumulation, 30% of 
the nitrogen accumulated by the plant was present in the leaves. This 
was considered important because the leaves accounted for only 13% of the 
final dry matter. Approximately ^0% of the nitrogen present in the grain 
at maturity was estimated to have come from the above-ground plant parts. 
Jordan et al. (1950) observed that the maximum rate of nitrogen ab­
sorption occurred immediately after an application of sidedress nitrogen 
at the knee-high stage of development. This is somewhat in disagreement 
with the findings of Hanway (1962b). One can hypothesize, however, that 
the nitrogen accumulation by the plant parts is influenced by the availa­
bility of nitrogen in the soil. This pattern of accumulation will also 
vary with different times and methods of application of nitrogen 
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fertilizer. In addition, mineralization of nitrogen from the soil organ­
ic matter will vary among different soils and different seasons (Hanway, 
1962b). In another study, Hanway (1962a) had also determined that the 
rate of dry matter accumulation in maize plants was linear for most of 
the growing season after leaf growth was nearly completed. Dry matter 
accumulation was related to differences in soil fertility, hut all plant 
parts were influenced similarly. 
Hay et al. (1953) conducted an experiment with two hybrids to deter­
mine if nitrogen in the vegetative parts of the maize plant at anthesis 
was adequate to supply the nitrogen requirement of the maturing grain. 
They concluded that approximately 60^ of the grain nitrogen was supplied 
by the vegetative tissue and kO% of the total grain nitrogen was supplied 
by the soil and roots after the maximum accumulation of nitrogen in the 
plant parts had occurred, shortly after pollination. These investigators 
also noted that the two varieties studied showed genotypic differences in 
the partitioning of absorbed nitrogen among plant parts. 
Beauchamp et al. (1976) performed an experiment to determine if gen­
otypic variation was present for nitrogen accumulation and translocation 
among selected inbreds and whether the differences were transmitted to 
their hybrids. Their results indicate that genotypic differences were 
present for nitrogen accumulation and translocation from leaf tissue to 
the developing grain following silking. They also noted that the inbreds 
differed between years for translocation of nitrogen, indicating a geno­
type X environment interaction. Their data were insufficient to establish 
heritability patterns, but it was noted that one hybrid had a 
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significantly greater nitrogen accumulation rate following silking com­
pared to the parental mean. 
Chevalier and Schrader (1977) used a four parent diallel study, ex­
cluding reciprocal crosses, to compare inbreds and their hybrids with 
respect to nitrate uptake during the growth period and partitioning of 
the absorbed nitrogen among plant parts. Nitrate absorbed by the 10 gen­
otypes was significantly different, but there was no relationship between 
the nitrate removed by the parents and their F^ hybrids. Stem concentra­
tion of nitrate in the hybrids did appear to approximate the mean value 
for the two parents. No relationship was observed for other plant parts 
between the inbreds and their hybrids. 
Pollmer et al. (1979) investigated the inheritance of nitrogen uptake 
and translocation from hybrid combinations of 10 flint with 9 dent inbred 
lines of maize and 10 standard varieties. The inbred lines used were 
highly diverse for percent grain protein. Their results indicated highly 
significant values for general and specific combining ability, total ni­
trogen uptake, nitrogen translocation, and nitrogen uptake in both the 
pre-grain and grain filling periods of plant development. A high genotype 
X environment interaction was also observed for both general and specific 
combining abilities. They also determined from their results that, on the 
average, nitrogen uptake from the soil during grain filling was negligi­
ble, but exceptions were observed for several genotypes. 
Discussion to this point has been centered mainly on aspects of root 
growth, absorption and translocation of nitrogen that are affected genet­
ically and/or by the supply of nitrogen in the soil. Nutrient Liptake, 
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while genetically determined, is similar to other plant traits in that it 
is affected by environmental variables and cultural practices. Time and 
rate of nitrogen fertilizer application are cultural practices that have 
been shown to affect plant growth, most importantly grain yield. There 
are basically three times in a season when nitrogen fertilizer can he ap­
plied to the soil: fall plowdown, spring preplant, or sidedress applica­
tions. 
Stevenson and Baldwin (1969) applied nitrogen as a fall plowdown, 
preplant, and sidedress (when plants were 15-25 cm in height) in Ontario, 
Canada on soils that were fine-textured clays and clay loams. Fall plow-
down of nitrogen was inferior to the spring preplant and sidedress at all 
levels of nitrogen. There was no difference in yield between the spring 
preplant and sidedress application. Maize yield with fall plowdown ranged 
from 15 to 87^ as much as with equal amounts of nitrogen applied as either 
a preplant or sidedress. Because the soils were of a fine-textured na­
ture, differences in yield were attributed to denitrification in the soil 
rather than losses due to leaching. 
A four-year study was conducted at DeKalb, Illinois to investigate 
further the effects of fall, preplant, and sidedress applications of ni­
trogen on the yield of one hybrid (Welch et al., 1971). Sidedress nitro­
gen gave greater yields, as an average, compared to preplant (intermediate 
yield) and fall (low yield) applications. In certain years at some loca­
tions, there were no differences between preplant and sidedress nitrogen. 
In general, the differences between yields of the treatments decreased 
with higher nitrogen rates. The differences in yields between sidedress 
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and preplant nitrogen were smaller when compared to the fall treatment. 
Boswell (1971) demonstrated that soil type can "be important in de­
termining the relative effect of spring preplant versus a sidedress ap­
plication. Sidedressing nitrogen was found to be more effective than a 
preplant application on Coastal Plain acid soils in Georgia, whereas on 
Piedmont soils there was no difference between the two treatments. 
Miller et al. (1975) also observed yields of maize on wet, alluvial 
soils in western Kentucky as affected by fall, spring preplant and summer 
sidedress (four to six weeks after planting) applications of nitrogen. 
In all cases, fall application was inferior to spring preplant and summer 
sidedress applications of nitrogen. Sidedress application of nitrogen 
was nearly as good as or better than nitrogen applied at planting. 
Generally, sidedressing nitrogen has been seen to more effective 
than a preplant application on coarse textured soils, especially if these 
soils are irrigated. Olson et al. (1964) determined that on lU irrigated 
soils in Nebraska, sidedressing nitrogen vas superior to either a fall or 
spring application. Jung et al. (1972) also observed that on an irrigated 
sandy soil in Wisconsin sidedressing nitrogen from the fifth through 
eighth week after planting was more effective in increasing grain yields 
than earlier or later applications. Terman and Noggle (1973) also noted 
that topdressing nitrogen at tasseling did not increase or decrease yields 
when compared to a single application at planting. 
The effect of preplant versus sidedress nitrogen applications in seed 
production fields has not been documented to any degree. Fowler (1967) 
indicated that farmers apply the same amounts of nitrogen in the seed 
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production fields as they would in their commercial hybrid fields. 
Sprague (19T6) noted that the tendency in the past was to over fertilize 
to protect against deficiencies. It is generally believed that inbred 
parent stocks may be more vulnerable to deficiencies than the resulting 
hybrids because of rooting abilities and genetic differences. 
23 
MATERIALS AKD METHODS 
Plant Materials 
Experiment l8 
The genetic material for Experiment l8 was derived from Iowa Stiff 
otalk Synthetic (BSSS). This synthetic was produced by random mating l6 
inbred lines that were selected by plant breeders for having strong stalks 
(Sprague, 19^6). The importance of this synthetic to the maize industry 
has been noted by the Committee on the Genetic Vulnerability of Major 
Crops (Sprague, 1972) in which they estimated that 40 to $0% of the maize 
acreage in the U.S. is planted with hybrids that contain germplasm orig­
inating from the BSSS source population. 
The genetic material studied in Experiment l8 consisted of: (l) 40 
inbred lines per se and (2) the same 4o inbred lines in single-cross hy­
brids. The Uo inbred lines were obtained from an unselected group of 2hj 
Sj lines developed by single-seed descent from BSSS (Hallauer and Sears, 
1973). These 4o inbred lines were also mated pair-wise to form 20 single-
cross hybrids which comprised the second group of material for Experiment 
l8. The UO inbred lines were not exactly unselected lines per se because, 
from the original set of 2h7, lines on either end of the distribution for 
days to anthesis were not included. Also, low yielding lines were not 
used because of seed quantity requirements. None of the lines, however, 
was taken relative to any information for combining ability. The pedi­
grees and entry numbers for these two groups of materials are listed in 
the Appendix in Table Al. 
2k 
Experiment 20 
The genetic material comprising this experiment consisted of 10 se­
lected inbred lines. These lines have been used in the past or are pres­
ently being used for commercial single-cross hybrids. The station desig­
nations and entry numbers for this material are given in Table A2. 
Field Procedures 
Experiment l8 
This study was conducted during the summers of 1976» 1977, and 1978 
with two locations each year. The Agronomy Research Station near Ames, 
Iowa was one location for each of the years. In 1976, 1977, and 1978, 
the I.S.U. Research Farm near Ankeny, Iowa, the Brunner Farm near Ames, 
and the farm at the Federal Atomic Energy Research Plant near Ames were 
used for locations, respectively. Nitrogen fertilizer had been withheld 
from these plots in the preceding year, with the exception of the Atomic 
Energy Research Farm which had received 80 kg/ha. In addition, all lo­
cations had also been planted with various non-leguminous crops the pre­
ceding year. Fertilizer was applied at a rate of 90 kg/ha phosphorous 
and potassium as a preplant application in the year the experiments were 
planted. Weeds were controlled by application of Lasso, machine cultiva­
tion, and hand weeding. 
Unfavorable environments resulted in the loss of several locations. 
The inbred lines at the Agronomy Research Station in 1976 were discarded 
because of severe damage to the plants by a hailstorm. In addition, both 
locations were discarded in 1977 because of severe drought. Heavy first-
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and second-brood corn borer infestations occurred during the 19T8 growing 
season, with effects of the feeding being more severe on the inbred lines 
than on the single crosses. 
The inbreds and single crosses were handled as separate experiments 
in that the two groups were in separate blocks in each replication. This 
was necessary to avoid plant-to-plant competition between single crosses 
and inbred lines. The experimental design was a split-plot with three 
replications at each location. The main plots were five levels of nitro­
gen (Urea) fertilizer (O, 60, 120, l80, and 2h0 kg N/ha) applied at 
planting by hand broadcasting. The plots were harrowed after application 
of the fertilizer to insure incorporation. The sub-plots consisted of 
the Uo inbreds and 20 single crosses, respectively. Each experimental 
unit (sub-plot) was a single-row plot hand planted at 17 hills per row 
with hills spaced 2$.^ cm and a row width of 76.2 cm. All plots were 
over-planted and thinned five to six weeks later to obtain densities of 
approximately 51,60C plants per hectare (21,000 plants/acre). A border 
of three rows was used to separate main plots. 
Experiment 20 
The years, locations, experimental design, field preparations, and 
planting methods were the same as for Experiment l6. Both locations were 
harvested in 1976 and 1978, and both were discarded in 1977. Nitrogen 
fertilizer (Urea) was applied as a preplant application and also as a 
sidedress application when 10 fully developed and visible leaves were 
present (approximately five weeks after emergence). The nitrogen treat­
ments consisted of a check (0 kg/ha), three levels of preplant nitrogen 
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(60, 120, 180 kg/ha) and three levels of preplant-sidedress nitrogen 
(30-30, 60-60, 90-90 kg/ha). 
Plant Measurements 
All data were obtained from 10 competitive plants per plot, exclud­
ing end hills. When 10 competitive plants vere not present in a plot, 
the competitive plants available were measured. The following measure­
ments were made for each experiment unless otherwise noted (number of 
replications and environments vary for some traits; refer to Tables 2, 3, 
5, and 6); 
1. Days to silk (SILK) was recorded as the number of days from July 1 to 
the date when 50^ of the plants in a row were showing exsertion of 
silks. 
2. Days to anthesis (MTH) was recorded as the number of days from July 1 
to the date when 50^ of the plants in a row were showing visible 
anthers. 
3. Pollen-shed-to-silking interval (PSSI) was expressed as the difference 
of 50% SILK minus 50% MTH. 
U. Ear height (ERHT) was the distance from the ground to the node bear­
ing the primary ear and was measured to the nearest centimeter. 
5. Plant height (PLHT) was the distance from the ground to the flag leaf 
at the base of the tassel and recorded to the nearest centimeter. 
6. Leaf area per plant (PLA) was calculated by measuring the length C l^) 
(nearest centimeter) and maximum width (L ) (nearest 0.5 cm) of the 
w 
eighth leaf below the tassel during grain filling and calculated by 
the following formula (Montgomery, 19II): 
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PLA was estimated by multiplying the area of leaf number eight (A) 
by the leaf area factor, 9.39, developed, by Pearce, Mock and Bailey 
(1975). PLA. was not measured, for Experiment 20. 
7. Number of tillers per plant (TILLN) was obtained by counting the 
number of tillers in a row and then dividing by the number of plants 
in a row. TILLN was not counted for Experiment 20. 
8. Grain yield (YIELD) was determined as the total shelled grain of all 
ears harvested, weighed, in grams, divided by the total number of 
plants harvested, and converted to quintals per hectare by multiply­
ing by 0.5167. Second ears and barren plants were included for 
YIELD, and related ear and grain trait data were taken after drying 
to uniform moisture. 
9. Shelling percentage (SP) was calculated as the shelled grain weight 
per plot divided by the ear weight per plot. 
10. Ear length (EL) was the total length of all harvested ears measured 
to the nearest 0.5 cm. Total length was divided by the total number 
of plants harvested to obtain the average ear length per plant. 
Second ears and barren plants were included for EL. 
11. Ear diameter (ED) was the total diameter of all primary ears har­
vested measured to the nearest 0.5 cm. The average ear diameter was 
determined by dividing the total ear diameter by the number of pri­
mary harvested ears. 
12. Kernel depth (KD) was calculated as the difference between ear diam­
eter and cob diameter divided by two. 
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13. 300-kernel weight (KW) was determined as the weight, to the nearest 
0.1 g, of a machine-counted, 300-kernel sample. 
lU. Ears per plant (EPP) was obtained by dividing the total number of 
ears harvested by the number of plants harvested. Barren plants 
were included for this determination. 
15. Protein percentage (PROT) was determined from a ground sample of 
grain. A modification of the Kjehldahl digestion method was used 
to obtain percent nitrogen in the maize grain. This value was then 
multiplied by 6.25 to obtain PROT for the maize grain. 
Summarization of the abbreviations and their descriptions for the 
plant, ear, and grain traits are presented in Table 1. 
Statistical Analyses 
Experiment I8 
Analysis of variance and covariance The linear model for a ran­
domized complete block design with a split-plot arrangement at one envi­
ronment is as follows : 
Tijk = w + Sj + ^ ^ ^ «ijk 
where: 
= observed value of the ijk^^ sub-plot, 
y = experimental mean, 
R. = effect of the replication; j = 1,2 (PROT) and j = 1,2,3 
(other traits), 
= effect of the i^^ nitrogen level; i = 1,...,5, 
= main-plot error (error a) 
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Table 1. Listing of abbreviations used to describe the plant, ear, and 
grain traits for Experiments l8 and 20 
Abbrevi ation^ Description 
ANTH Days to•50% pollen shed from July 1 
SILK Days to 50% silk emergence from July 1 
PSSI Days between 50% pollen shed and 50% 
silk emergence 
PLHT Plant height (cm) 
ERHT Ear height (cm) 
PLA Leaf area per plant (dm^) 
TILLU Number of tillers per plant 
YIELD Grain yield (q/ha) 
SP Shelling percentage 
EL Ear length (cm) 
ED Ear diameter (cm) 
KD Kernel depth (cm) 
KW 300-kemel weight (g) 
EPP Ears per plant 
PROT Protein percentage 
^Abbreviations will be used in all subsequent tables to describe the 
plant, ear, and grain traits. 
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= effect of the genotype; k = l,...,Uo (inbreds) and 
k = 1,...,20 (single crosses), 
(NG)ij^ = interaction effects of the i^^ nitrogen level with the k^^ 
^ genotype, 
6 . . .  = residual error (error b). 
The analysis of variance for the mixed model (nitrogen levels fixed 
and genotypes random) is given in Table 2. Linear and quadratic sources 
of variation accounted for by regression and deviations not accounted for 
by regression were also calculated when appropriate. F-tests were per­
formed to test the null hypothesis for the absence of variation due to 
the different sources. Examination of the expected mean squares indi­
cates that there is a direct test for sources of variation due to geno­
types and the interaction term of genotypes x nitrogen levels. A direct 
F-test for differences due to nitrogen levels, however, is not present 
because of the noncancellation of expected mean squares. Satterthwaite 
(19^6) developed an approximate F-test for this relationship, which is 
constructed as follows: 
p.= "n 
My + 
The use of the F'-test requires the construction of appropriate de­
grees of freedom that are needed for use in the tables of F. Satterth­
waite (19U6) has developed the following formula to obtain the appropri­
ate degrees of freedom: 
\2 
fl = 
(My + - M^)' 
1 (My)^ (M^yz (M^)2 
df My * df M^ ^  df M^ 
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Table 2. Components of the individual analysis of variance for Experi­
ment 18 
Source df MS E(WS)* 
Replications (G) r-1 
Nitrogen (N) n-1 
^1 a^+a e |+rc|^+rg(H) 
(linear) 1 
^10 
(quadratic) 1 
(deviations) n-3 
^8 (1 
Error a (r-1)(n-l) a^+o 
e 
.2 
a 
Genotypes (G) g-1 
^6 a|+rna^ 
G x N (g-l)(n-l) 
G X g-1 
G X N 
q 
g-l M3 
q 
G X N d (g-l)Cn-3) ^2 
CL 
Error b n(r-l)(g-l) Ml e 
-1-
Nitrogen levels vere fixed; replications and genotypes were random. 
"^Depending on the experiment, genotypes refer to inhreds or single 
crosses. 
where f^ estimates the degrees of freedom for the denominator. 
The data for each trait were also combined over environments. The 
linear model for this analysis was: 
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^ijkt = w + * "k ^  <™'ik * :ijk * 
+ (EG)., + (NG),a 4. (EK),^ + 6.j^ 
where : 
Y.., p = observed value of the sub-plot, Ij K36 
y = experimental mean, 
E. = effect of the i^^ environment, i = 1,2 [ANTE, SILK, PSSI 
^ (single crosses), and PROT], i = 1,2,3 (other traits for 
inbreds and FLA for single crosses), and i = 1,...,U 
(other traits for single crosses), 
(R/E).. = effects of the replication within the i^^ environ-
ment; j = 1,2 (PROT) and j = 1,2,3 (other traits), 
= effect of the nitrogen level; k = 1,...,5, 
( E N ) =  i n t e r a c t i o n  e f f e c t s  o f  t h e  i ^ ^  e n v i r o n m e n t  w i t h  t h e  k ^ ^  
nitrogen level, 
= main plot error (error a), 
= effect of the 2^^ genotype; i = 1,...,U0 (inbreds) and 
Z = 1,...,20 (single crosses), 
(EG)^2 = interaction effects of the i^^ environment with the 
genotype, 
interact3 
genotype. 
(NG)k^ = ion effects of the k^^ nitrogen level with the 
(ERG)., g = interaction effects of the i^^ environment and the k^^ 
^ "th 
nitrogen level with the i genotype, 
"^ijkfc ~ residual error (error b). 
The combined analysis of variance is shown in Table 3. F-tests were 
performed in a manner similar to that for one environment. All pertinent 
nonsignificant interactions were pooled into the appropriate error terms, 
and these pooled error mean squares were then used to recompute the F 
statistic. 
Table 3. Components of the combined analysis of variance for Experiment 
18 
Source df MS 
Environments (E) e-1 
Replications/E e(r-l) 
Nitrogen (U) n-1 M^q 
(linear) 1 
(quadratic) 1 
(deviations) n-3 
N X E (n-1) (e-1) 
E X e-1 
E X N e-1 
»'l3 
q 
E X (e-1)(n-3) 
e(r-l)(n-l) Error a 
Genotypes (G)^ g-1 M. 
G X E (g-l)(e-l) 
G X N (g-l)(n-l) 
% 
G X K (g-1)(n-3) 
G X E X N (g-1)(e-1)(n-1) 
G X E X Nj, (g-l)(e-l) 
G X E X (g-l)(e-l) 
G X E X (g—l)(e—l)(n—3) 
Error b en(r-l)(g-l) 
Total erng-1 
11 
1 
M, 
9 
G X g-1 Mg 
G X I g-1 M q. I 
^6 
^4 
M3 
Mg 
Ml 
^Nitrogen levels were fixed; replications, environments and genotypes 
were random. 
^Depending on the experiment, genotypes refer to inbreds or single 
crosses. 
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The L.S.D. (Fisher, 1951) was used to compare means at the 0.05 and 
0.10 levels of significance. L.S.D.'s for mean comparisons were calcu­
lated as follows: 
252 2 
L.S.D. = t[—-] 
n 
where n is the number of observations included in the mean and t depends 
on the probability level and the degrees of freedom for error mean square 
(5:). 
Estimates of variance components were obtained from expected mean 
squares in the combined analysis of variance (Table 3) as follows; 
= Ml' 
GE rn 
GÎÎ re ' 
- M-, 
• 
The variances of the estimates were calculated as outlined by Comstock 
and Moll (I963). 
pfM '>2 olvi "*2 
' (b'-Xi)' • 
vr2 > - 1 ^(%o) ^ 1 
^GE (rn)% (g-l)(e-l) en(r-l)(g-l) ' 
1 r 2(M^)2 
^^^GN^ (re)2 ^(g-l)(n-l) (g-l) (e-l) (n-1) ^ ' 
N 1 r 2(M^)2 2(M^)2 
r^ ^ (g-l) (e-1) (n-1) en(r-l)(g-l) ^ 
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The combined analysis of variance and covariance performed for all 
pairs of traits in Experiment l8 is shown in Table k. Components of co-
variance were calculated as follows: 
XY Y 
- M, M, 
a_ = . 
®XÏ 
Simple, genotypic , and multiple correlations Correlations between 
pairs of traits were performed, by various methods as follows; correla­
tions among inbred, traits per se, among single-cross traits per se, and 
the mean of the traits for the two inbred, parents with the traits of their 
respective single cross- All correlations were calculated on an entry 
mean basis. 
The appropriate simple correlations for inbred and hybrid traits per 
se pooled over nitrogen levels and environments were derived by the fol­
lowing formula ( Table 1+ ) : 
, . \\ 
yv Y 
where : 
r = simple correlation coefficient for traits X and Y, 
^ XY 
M = genotypic mean cross product (covariance) for traits X 
^X ^Y and Y, 
Mc = genotypic mean square for trait X, 
^X 
Mj. = genotypic mean square for trait Y. 
^Y 
Table 4. Analysis of variance, covariance and expectations of mean cross products for a pair of 
traits (X and Y) over environments for Experiment l8 
Source df 
Mean squares 
trait 
X Y 
Mean 
cross 
product 
Expected mean 
cross product 
Environments (E) e-1 
Replications/E e(r-l) 
Nitrogen (N) n-l % 
N X E (n-l)(e-1) % M 'x 'Y 
Error a e(r-l)(n-l) \ Mx Mx 
Genotypes (G) g-1 
"'x 'S 
M M 
^X ^Y 
G X E (g-l)(e-l) 
G X N (g-1)(n-l) 
"3x 
M M 
JX •^Y 
G X E X N (g-l)(e-l)(n-l) % % % M X Y 
Error b en(r-l)(g-l) % M. M •^X Y 
Total erng-1 
XY 
GN XY 
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Components of variation and covariation (Tables 3 and h) vere used 
to estimate genotypic (r ) correlations (Mode and Robinson, 1959)-
®XÏ 
r ^ 
I \ \ 
where: 
r = genotypic correlation coefficient for traits X and Y, 
®XY 
a„ = genotypic covariance between traits X and Y, 
XY 
0^ = genotypic variance of trait X, 
^X 
0^ = genotypic variance of trait Y. 
G Y 
Simple correlations for traits between the inbreds and single crosses 
and inbred and single-cross traits per se by nitrogen level were calcu­
lated by the following formula: 
. % 
'^1^2 
where and Xg refer to traits X^ and X^, respectively. 
The following formula was used for multiple correlation: 
R 
y-Xi X^ Ey2 
where the denominator is the sum of squares corresponding to the Y-trait 
and the numerator is the sum of squares of the Y from its mean that is 
attributable to the regression of Y on the set of X's. The variable (y) 
YIELD of the single crosses was kept constant and the plant and ear traits 
(x) of the inbreds were kept variable to measure the combined effects of 
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the plant and ear traits on YIELD. Three R-values were calculated as 
follows : 
(1) YIELD of the hybrids with all inbred traits, 
(2) YIELD of the hybrids with all inbred plant traits, 
(3) YIELD of the hybrids with all inbred ear and grain traits. 
Estimates of heritability Heritability values on a per-line-mean 
basis for the inbreds were calculated from the combined analyses of vari­
ance by the following formula (Table 3): 
52/2 
h2 = T ^ 
2 2e ren 
where : 
= genotypic variance, 
^GE ~ genotype x environment interaction variance, 
02 = error variance, 
e = number of environments, 
r = number of replications, 
n = levels of nitrogen. 
The estimates involving were divided by two because the genetic varia­
tion among inbred progeny is equal to two times the additive genetic var­
iance (assuming epistasis is absent) in the original population. 
Regression analysis Orthogonal polynomial coefficients (X) were 
used to obtain estimates of the response curves for linear and quadratic 
regression. The following coefficients were used for five levels of ni­
trogen (Snedecor and Cochran, 1967)-
Uo 
Number of levels 
1 2 3 k 5 
Linear -2 -1 0 +1 +2 
Quadratic +2 -1 -2 -1 +2 
The linear and quadratic regression coefficients were calculated by 
the following formula: 
EXY 
where : 
b. = regression coefficient (i = 1 for linear and i = 2 for quadrat-
^ ic), 
Y = value of trait Y, 
X = value of orthogonal polynomial coefficient. 
The fitted parabola is therefore 
+ tgXei 
where : 
^ til Y. = the predicted value of trait Y at the i nitrogen level 
^ (i = 1,...,5), 
Y = overall mean of trait Y, 
b^ = linear regression coefficient, 
bg = quadratic regression coefficient, 
= values for linear orthogonal polynomials, 
i 
X^ = values for quadratic orthogonal polynomials. 
1 
Ul 
The linear or quadratic portions of the formula were omitted when 
the sources of variance for these two components indicated nonsignifi-
cance. 
Experiment 20 
Analysis of variance The linear model for a randomized complete 
"block design with a split-plot arrangement at one environment is given by: 
^ijk = U + Bj + 
where : 
= observed value of the ijk^^ sub-plot, 
y = experimental mean, 
Rj = effect of the replication; j = 1,2,3, 
= effect of the i^^ nitrogen level; i = 1, . . . , T ,  
= main-plot error ( error a), 
= effect of the k^^ inbred; k = 1,...,10, 
(NI)^.^ = interaction effects of the i^^ nitrogen level with the k^^ 
— in"bred, 
= residual error (error b). 
The individual analysis of variance for the fixed model (nitrogen 
levels and genotypes fixed) is shown in Table 5- The main effect due to 
nitrogen levels and appropriate interactions were also partitioned into 
six nonorthogonal components as shown in Table 5. The following coeffi­
cients were used to obtain the nonorthogonal components. 
h2 
Table 5. Components of the individual analysis of variance for Experi­
ment 20 
Source df MS E(MS)* 
Replications (R) r-1 
Nitrogen (N) n-1 Mit o2+G^+ri(N) 
Check vs others i 
"l6 
Preplant (?) vs 
preplant-sidedress (PS) 1 M15 
P^ (linear) 1 
"lU 
P^ (quadratic) 1 
^3 
1 
^12 
PS q 1 ^1 
Error a (r—1)(n—1) 
^0 a^+a^ e a 
Inbreds (l) i-1 o^+m(l) 
I X N (i-l)(n-l) «8 a|+r(IN) 
I X check vs others i-1 
I X P vs PS i-1 % 
I XP^ i-1 % 
I X P 
a 
i-1 
IxPS^ i-1 
^3 
I X PS 
H 
i-1 M. 
Error b n(r-l)(i-l) Ml e 
Total rni-1 
^Replications were random; nitrogen and genotypes were fixed. 
U3 
Number of levels 
1 2 3 4 5 6 T 
Check vs others 6 -1 -1 -1 -1 -1 -1 
P vs PS 0 1 1 1 -1 -1 -1 
-3 -1 +1 +3 0 0 0 
P q +1 -1 -1 +1 0 0 0 
-3 0 0 0 -1 +1 +3 
PS +1 0 0 0 -1 -1 +1 
The linear model for the combination of traits over environments is 
as follows: 
?ijk4 = * + Si + (H/E)y + + I, 
where: 
^ijki. ~ observed, value of the ijk&^^ sub-plot. 
U - experimental mean. 
T? — J-V . z.. - iixxcco Ox uAc X environment; i = 1,2 a^NtH, SILK, rSSI, 
^ and PROT) and i = 1,...,4 (other traits), 
(R/E).. = effect of the replication within the i^^ environment; 
j = 1,2,3, 
= effect of the k^^ nitrogen level; k = 1,...,T, 
(EN)^^ = interaction effects of the i^^ environment with the k^^ 
nitrogen level, 
^ijk ~ Main plot error (error a), 
= effect of the 2^^ inbred; I = 1,...,10, 
(EI).. = interaction effects of the i^^ environment with the 
inbred, 
kk 
= interaction effects of the nitrogen level with the 
2^^ inbred, 
(ENI)^^^ = interaction effects of the i^^ environment and k^^ nitro­
gen level with the 2^^ inbred, 
*^ijk2 ~ residual error (error b). 
The combined analysis of variance for Experiment 20 is shown in 
Table 6. 
Appropriate F-tests were done for both the individual and combined 
environments. Mean comparisons were made by the L.S.D. method as dis­
cussed previously. 
Table 6. Components of the combined analysis of variance for Experiment 20 
Source df MS E(MS) 
Environments (E) 
Replications/E 
Nitrogen (N) 
Check vs others 
Preplant (P) vs 
preplant-sidedress (PS) 
Pj^ (linear) 
P (quadratic) 
N X E 
E X check vs others 
E X P vs PS 
E X P, 
E X P q 
E X PS^ 
E X PS q 
Error a 
Inbreds (l) 
I X E 
I X N 
I X check vs others 
e-1 
e(r-l) 
n-1 
(n-1)(e-1) 
1 
1 
1 
1 
1 
e-] 
e-1 
e-1 
e-1 
e-1 
e-1 
e(r-l)(n-1) 
i-1 
(i-l)(e-l) 
(i-1)(n-1) 
M 32 
M 31 
30 
29 
28 
27 
26 
M, 25 
2h 
23 
22 
21 
20 
19 
M 
18 
17 
l6 
M, 15 
a^+rno?„+rne(l) © XIL 
a|+ra2Ej^+re(lN) 
i-1 M l4 
I X P vs PS i-1 
I x]^ 1_1 
I X P i-1 M,, q 11 
I X PS^ i-1 M q^ 
I X PS i-1 q 9 
I X E X N (i-l)(e-l)(n-l) Mq °IEM 
I X E X check VH others (i-l)(e-l) 
I X E X P vs PS (1-1)(e-1) Mg 
I X E X P^ (i-l)(e-l) 
I X E X P (i-1)(e-1) M, q 4 
I X E X P8% (i-1)(e-1) Mg 
I X E X PS^ (i-l)(e-l) Mg 
Error b en(r-l)(i-l) 
Total erni-1 
^Nitrogen levels and inbreds were fixed; replications and environments were random. 
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RESULTS AND DISCUSSION 
Variations in environmental effects caused substantially different 
responses of plant, ear, and grain traits in Experiments l8 and 20. Data 
were not collected in 1977 because of poor pollination caused primarily 
by a severe drought that was present for most of the growing season. In 
addition, abnormally high temperatures at anthesis contributed to inade­
quate pollination. The effect of environmental conditions on the response 
of plant, ear, and grain traits for the four other locations is depicted 
best by the observed grain yields (Table 7). A hailstorm early in the 
growing season at Ames, 1976 resulted in severe plant damage to the ex­
perimental material. The inbred lines for Experiment l8 had to be dis­
carded because they never recovered satisfactorily. The single crosses 
and inbred lines for Experiments l8 and 20, respectively, at Ames, 1976 
were harvested because recovery from the hail damage seemed adequate. 
Favorable environmental conditions were present at the Ankeny, 1976 loca­
tion for most of the growing season. Highest mean YIELD for Experiments 
l8 and 20 was obtained at this environment. The genetic material, es­
pecially inbred lines, at both environments in 1976 showed an overall 
lack of response to nitrogen fertilization (Table 7). Lack of response 
indicates that high levels of residual soil nitrogen were present even 
though nitrogen fertilizer had been withheld from the experimental plots 
in the previous year. A response to nitrogen fertilization occurred in 
1978 at Ames and Atomic Energy, with the best response in all environ­
ments being Ames, 1978. 
Table 7. Environment x nitrogen mean YIELD as combined over genotypes for Experiments l8 and 20 
Inbreds^ Single crosses^ 
Nitrogen applied (kg/ha) Nitrogen applied (kg/ha) 
0 60 120 180 2k0 X 0 60 120 180 240 X 
Ames 1976^ 60,1 6U.U 65.1 56.k 69.0 63.0 
Ankeny 1976® 35.4 36.0 35 .0 3^.0 33.5 34.8 7U.U 86.9 88.2 85.3 88.7 84.7 
Ames 1978* 11.h 19.1 22. 8 2U.0 22.6 20.0 2U.7 UU.5 63.7 67.2 65.2 53.1 
Atomic Energy 1978 7.8 8.6 10, .6 10.7 10.6 10.0 30.5 kh.O 50.0 50.6 48.2 44.7 
Inbreds^ 
Nitrogen applied (kg/ha) 
Preplant Prepletnt-sidedress 
0 60 120 180 30-30 60-60 90-90 X 
Ames 1976 42.2 40.3 38.9 46.7 40.8 41.5 43.2 41.9 
Ankeny 1976 52.9 59.1 57.8 59.4 59.2 57.4 55.8 57.4 
Ames 1978 20.4 30.7 35.5 36.4 33.1 37.1 39.2 33.2 
Atomic Energy 1978 21.9 27.9 27.3 25.6 25.6 24.6 25.3 25.5 
^ean YIELD combined over the 4o inbred lines for Experiment l8. 
^Mean YIELD combined over the 20 tiingle crosses for Experiment l8. 
^Mean YIELD combined over the 10 j.nbred lines for Experiment 20. 
^Soil type at this location was pi'odominantly a Webster-Clarion loam complex. 
^Soil type at this location was predominantly a Webster silty clay loam. 
f 
Soil type at this location was pi-edominantly a Coland clay loam. 
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Potential grain yields at both environments in 1978 were reduced "be­
cause of heavy infestations of first and second-brood European corn 
borers. The heaviest infestations were observed at Atomic Energy as in­
dicated by low mean grain yield for Experiments l8 and 20. Generally, in­
bred lines suffered more damage by corn borer feeding than did single 
crosses. 
The experimental materials for Experiments iB and 20 were not relat­
ed. The order of presentation in the Results and Discussion will be Ex­
periment l8 followed by Experiment 20. 
Experiment l8 
Inbred plant, ear, and grain traits 
Mean values for this section are presented in the Appendix as fol­
lows: (l) means for the main effect of nitrogen for each environment 
pooled over entries (Tables A3, A^, A5), and (2) the means for each en­
vironment as pooled over entries and fertility levels (Table Ao). The 
analyses of variance for each environment for the split-plot design are 
presented in the Appendix in Tables AT, A8, and A9, respectively. Proba­
bility levels of 0.10, 0.05, and 0.01 will be considered significant for 
all analyses of variance. 
The inbred combined analyses of variance (Table 8) indicate that 
significant differences for the main effect of nitrogen fertility were 
observed for PLA, TILLN, and PROT, but the main effect of nitrogen fer­
tility for each of the other inbred traits was not significant. Parti­
tioning the main effect of nitrogen into sources of variation accounted 
Table 8. Inbred combined analyses of variance for Experiment l8 
Mean squares 
Source df PLHT ERHT 
Environnents (E) 2 (1)* 7U177.1U k33kk.l0 
Replications/E 6 (2) 769.06 311.11 
Nitrogen (N) h (U) 1356.68 371.99 
(linear) 1 (1) 4231.29 1178.19 
(quadratic) 1 (1) 950.31 2k7.68 
(deviations) 2 (2) 122.56 30.95 
N X E 8 (U) 12I+9.22* 603.33** 
E X 2 (1) 2618.0k* 1620.81** 
E X Kq 2 (1) 1U15.79* k82.lk* 
E X Nd 4 (2) 1+81.52 155.18 
Error a 2k (8) U65.92 lkk.87 
Genotypes (G) 39 (39) 16706.07** 6321.35** 
G X E 78 (39) 570.56** 23k.kl** 
G X N 156(156) 93.12* 5k. 3k 
G X 39(39) 165.58* 65.76 
G X N n 39(39) 95.26 5k. 6k 
G X K ^  CL 78(78) 55.82 k8.k8 
G X E X N 312(156) 69.23* k8.01* 
G X E X 78(39) 89.23* k8.71* 
G X E X N 78(39) 78.67? k6.86t 
G X E X 156(78) 5k. 51 k8.23* 
Error b 1170(390) 59.91 39.58 
Total 1799(799) 5k5.78 2kl.76 
C.V. % k.79 8.59 
degrees of freedom for PROT. 
^Meaji squares were multiplied by 10^. 
f * ** Significant F-tests at 0.10, 0.05, and 0.01 levels of proba­
bility, respectively, in this and in all subsequent tables. 
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Mean squares 
PLA EL ED KD* SP^ 
5124.78 4344.09 123.31 110.95 47.79 
59.43 86.65 2.00 1.91 1.04 
1072.47** 192.11 5.89 3.64 2.23 
3137.85** 532.68t 18.54* 13.84* 6.22* 
1120.26* 234.36 4.59 0.64 2.47 
15.85 0.70 0.22 0.04 0.11 
99.75 95.76* 2.25t l.35t 0.76-i-
278.98* 204.63** 5.58** 2.82* 1.4o 
108.51 129.37** 2.61* 2.24* 0.86 
5.75 24.52 0.40 0.17 0.39 
69.30 22.59 0.69 0.48 0.29 
2176.30** 241.17** 7.09** 5.03** 3.61** 
403.66** 50.33** 2.59** 0.95** 1.19** 
15.13 13.98 0.44 0.25 0.24 
20.98* 22.46 0.59 0.31 0.35 
16.07 17.26* 0.40 0.26 0.23 
11.73 8.10 0.38 0.21 0.19 
13.59 13.34 0.43** 0.25 0.19** 
l4.i4 17.14* 0.53** 0.38** 0.44** 
15.46 11.13 0.50* 0.21 0.17 
12.38 12.54 0.34 0.20 0.07 
13.96 11.79 0.35 0.24 0.l4 
87.08 24.88 0.78 0.52 0.34 
7.21 35.42 16.77 28.43 18.05 
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Table 8. (continued) 
Mean squares 
YIELD KW EPP^ TILLN PROT 
95672.38 119145.74 98.64 309.61 75.64 
3^+0. OU 372.16 3.24 12.81 22.62 
1365.37 273.55 6.47 43.76* 103.66** 
34^3.01 317.61 l4.32t 146.46** 374.70** 
1999.05 687.09 11.52t 7.68 24.74 
9.71 44.75 0.02 10.45 15.20 
1073.53** 392.88t 2.26t 8.64* 14.46* 
3311.26** 941.85* 6.23* 11.49* 48.30** 
923.73** 586.66 1.83 7.84* 2.32 
29.56 21.50 0.49 7.66* 3.61 
88.82 190.31 1.04 2.67 3.51 
2358.17** 3998.28** 13.43** 333.57** 12.82** 
626.20** 870.26** 2.39** 38.24** 4.35** 
66.22 144.78** 0.69** 8.19** 1.95 
116.08 273.83** 1.44** 21.25** 2.63 
63.30* 157.99 0.62 6.50** 1.98 
42.75 73.65 0.35 2.50 1.59 
60.70** 107.24 0.45** 2.30 1.66** 
10i+.8U** 128.291- 0.58** 2.58 2.27** 
UI1.19 149.69** 0.48* 2.00 1.55** 
46.88 75.49 0.37 2.31 1.41** 
39.80 96.95 0.35 2.34 0.93 
236.92 357.21 0.92 12.08 2-77 
29.36 17.42 23.59 58.93 8.35 
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for by linear and quadratic regression revealed that EL, ED, KD, and SP 
had significant linear responses to nitrogen even though the main effect 
of nitrogen was not significant. Both linear and quadratic sources of 
variation were significant for PLA and EPP. Linear regression accounted 
for most of the variation in cases where nitrogen fertility was observed 
to have a significant effect. The means for inbred traits combined over 
environments and entries (Table 9) indicate that all traits increased in 
value with addition of nitrogen fertilizer. The greatest increase gener­
ally occurred with the first increment of nitrogen fertilizer (60 kg/ha). 
The response, however, was not great enough for PLHT, ERHT, YIELD, and KW 
to be significant. In general, mean values for inbred traits increased 
only slightly at the higher fertility levels. 
The F-tests for the orthogonal components for the main effect of ni­
trogen may be biased upwards. The error term for this test was construct­
ed by adding the nitrogen x environment main effect interaction with the 
appropriate genotype x nitrogen orthogonal component and subtracting the 
appropriate genotype x environment x nitrogen orthogonal component. Sta­
tistically, the appropriate nitrogen x environment orthogonal component 
should be used for constructing the error term. If this component is 
used, however, the degrees of freedom associated with the error mean 
square are essentially the degrees of freedom present for the orthogonal 
interaction (i.e., two degrees of freedom for linear and quadratic for 
all traits except PROT). It was believed, therefore, a more precise F-
test could be obtained by using the nitrogen x environment main interac­
tion. By using this interaction, the degrees of freedom for the error 
Table 9. Inbred means for plant, ear, and grain traits for-Experiment 
18 pooled over environments and entries 
Means^ J .  OX 
applied (kg/ha) PLHT ERHT PLA EL ED 
0 158.5 71.7 U9.O 8.5 3.3 
60 160.1+ 72.5 51.2 9.5 3.5 
120 162.9 73.8 53.0 10.1 3.6 
180 162.5 7I+.I 53.0 10.3 3.6 
240 162.8 73.8 52.8 10.0 3.6 
c 
ns ns 0.93 ±0.28 0.38 ± 0.02 0.07 ± 0.02 
d 
b q ns ns -0.47± 0.15 ns ns 
L.S.D._05 ns ns 1.7 ns ns 
L.S.D. ns ns l.U ns ns 
^Units of measurement for plant, ear, and grain trait means are 
listed in Table 1 for this and all subsequent tables. 
V -
"Values were multiplied by 10 . 
bg^ is the estimated linear regression coefficient in this and all 
subsequent tables. 
is the estimated quadratic regression coefficient in this and 
all subsequent tables. 
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Means^ 
KD SP YIELD KW EPP TILLK^ PROT 
0.50 0.62 18.2 55.1 0.7 1.0 10.48 
0.53 0.66 21.2 56.6 0.8 1.6 10.93 
0.55 0.67 22.8 57.5 0.8 1.7 11.88 
0.56 0,68 22.9 56.8 0.8 1.7 12.23 
0.58 0.67 22.3 56.5 0.8 2.0 12.25 
0.02 ± 0.01 o.oi+ ± 0.01 ns ns 0. 02 ± 0.01 0.20 ± 0.09 0.32± 0.08 
ns ns ns ns -0. 01± 0.007 ns ns 
ns ns ns ns ns 0.6 1.13 
ns ns ns ns ns 0.5 0.89 
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term were essentially those associated with the interaction term (i.e., 
eight degrees of freedom for all traits except PROT). The same procedure 
was used to construct the error mean square for the single-cross study 
and also Experiment 20. 
Further examination of the inbred combined analyses of variance in­
dicates that the nitrogen x environment interaction for the three environ­
ments was significant (P < 0.10, 0.05, or O.Ol) for all traits except PLA. 
The environment x nitrogen linear component for PLA, however, was signifi­
cant. In general, the environment x nitrogen linear component accounted 
for most of the variation. Inbred means for plant, ear, and grain traits 
as affected by nitrogen fertility for the three environments (Tables A3-
A5) illustrate how a significant nitrogen x environment interaction was 
obtained. The greatest response of inbred plant, ear, and grain traits 
to nitrogen fertilization occurred at Ames, 1978, and the response of most 
traits at the two remaining environments was either not significant or 
1 o Ç* <7 4-^ ^ 1 O T Q w w sww ^ waa ^ a C '^ • • v - o g ( w # 
Highly significant differences among inbreds were present for all 
traits. Also, highly significant genotype x environment interactions 
were observed for all inbred plant, ear, and grain traits. Significant 
genotype x nitrogen interactions were observed for PLHT, KW, EPP, and 
TILLN. Differences for linear regression among genotypes accounted for 
most of this variation. Three traits, ERHT, EL, and YIELD, showed signif­
icant genotype x nitrogen quadratic responses even though the main inter­
action term was not significant. 
The data in Table 10 present genotype x nitrogen means and estimates 
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for linear and quadratic regression coefficients for YIELD of the Uo in­
bred lines combined over environments. Most inbred lines had positive 
and negative estimates for linear and quadratic regression coefficients, 
respectively, although in most cases the estimates were not significantly-
different from zero. In general, maximum YIELD was obtained at 120 kg/ha 
for inbred lines that had a significant response to nitrogen fertility. 
Significant differences between regression coefficient estimates for the 
UO inbred lines can be approximately estimated by 2/s.E.^ x 2. As indi­
cated in the combined analyses of variance for inbred YIELD, certain in-
breds differed with respect to their quadratic response to nitrogen fer­
tilizer, whereas the genotype x nitrogen linear interaction was not sig­
nificant in the combined analyses of variance. Estimates for linear re­
gression coefficients among inbreds (Table 10), however, indicate that 
some inbred lines had linear regression estimates that were significantly 
different. The highly significant genotype x environment x nitrogen lin­
ear component in the combined analyses of variance for inbred YIELD prob­
ably obscured differences that were present. The genotype x environment 
X nitrogen second-order interaction and the corresponding orthogonal com­
ponents for other inbred traits indicate that the magnitude of the geno­
type X nitrogen interaction for all traits, except PLA and TILLN, dif­
fered among the three environments. 
A clearer understanding of the relative importance of the various 
sources of variation can be determined by examining the magnitude of var­
iance component estimates from the inbred combined analyses of variance. 
Genotypic (V^), genotype x environment (V^^), genotype x nitrogen (V^^), 
J 
1 
2 
3 
1+ 
5 
6 
7 
8 
9 
10 
11 
12 
13 
l U  
15 
16 
17 
18 
19 
20 
21 
22 
23 
2k 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
.E. 
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Genotype x nitrogen means and linear and quadratic regression 
coefficients for YIELD of 40 inbred lines combined over envi­
ronments for Experiment l8 
Nitrogen applied (kg/ha) _ 
0 60 120 180 240 X b„ b 
& g__ 
26.9 
19.8 
13.9 
20.0 
17.2 
12.1 
28.0 
8.4 
24.0 
15.6 
7.8 
20.3 
16.5 
1.1 
24.9 
19.3 
23.0 
17.0 
8.3 
24.7 
32.9 
9.6 
18.1 
16.5 
26.9 
14.5 
18.9 
26.3 
14.7 
20.0 
25.9 
15.7 
26.1 
13.6 
7.0 
17.6 
15.6 
17.8 
28.8 
12.9 
18.2 
32.2 
18.8 
16.4 
20 .0  
21.8 
16.9 
28.7 
16.2 
29.0 
20.8 
8.8 
22.4 
18.3 
5.8 
30.7 
28.0 
26.8 
21.0 
10.1 
28.0 
29.4 
7.7 
18.0 
22.1 
32.9 
22.3 
19.9 
27.7 
18.2 
21.8 
30.1 
18.2 
27.5 
10.0 
16.4 
21.7 
19.8 
21.8 
31.6 
11.5 
21.2 
31.3 
13.9 
17.4 
20.5 
30.8 
23.9 
31.5 
13.7 
26.0 
21.6 
6 .8  
23.2 
20.0 
8.7 
26.8 
23.3 
26.1 
23.0 
12.3 
29.4 
30.4 
7.4 
19.3 
30.0  
44.5 
22.6 
21.2 
36.8 
25.7 
17.1 
28.2 
21.8 
29.7 
12.7 
17.4 
27.1 
21.2 
20.3 
33.9 
13.4 
22.8 
33.8 
15.9 
14.3 
20.6 
29.7 
21.1 
37.3 
13.7 
28.4 
21.7 
11.5 
20.9 
19.1 
5.5 
27.5 
22.5 
29.7 
28.1 
15.2 
27.8 
29.4 
7.1 
16.3 
26.0 
h c 
-TV/ • y 
25.0 
24.7 
38.4 
27-2 
19.9 
26.3 
18.4 
28.2 
0.9 
17.1 
20.3 
22.2 
25.6 
38.1 
12.3 
22.9 
34.5 
17.5 
15.8 
18.4 
27.0 
20.8  
28.2 
13.8 
26.6 
22.6 
9.1 
20.3 
20.4 
9.0 
22.7 
25.4 
28.5 
23.4 
10.9 
28.4 
31.8 
8.9 
13.6 
26.0 
34.1 
24.5 
24.3 
34.2 
27.4 
17.9 
27.3 
18.5 
30.8 
9.1 
21.5 
23.7 
20.6 
22.2 
33.2 
17.1 
22.3 
31.7 
17.2 
15.6 
19.9 
25.3 
19.0 
30.8 
13.2 
26.8 
20.5 
8.8 
21.4 
18.8 
6 ,0  
26.5 
23.7 
26.8 
22.5 
11.4 
27.7 
30.8 
8.1  
17.0 
24.1 
35.5 
21.8 
21.8 
32.7 
22.6 
19.3 
27.6 
18.5 
28.4 
10.9 
15.9 
22.1 
19.9 
21.6 
33.1 
13.5 
21.5 
1.67 
-0.75 
0.19 
-0.24 
2.75 
2.15 
0.90 
0.84 
0.47 
1.47 
0.53 
-0.l4 
0,86 
1.57 
-0.75 
0.67 
1.39 
1.99 
1.03 
0.72 
-0.22 
-0.20 
-1.07 
2,29 
2.21 
2.28 
1.57 
2.64 
3.45 
-0.61 
-0.09 
0.57 
0.99 
-1.01 
2.97 
1.10 
1.26 
1.25 
1.53 
0.91 
±1.08 
0.99 
-0,42 
0,85 
-0.44 
-0.34 
-1.78 
-1.44 
-1.18 
-0.92 
-0.60 
-0.67 
0.01 
-0.61 
-0.26 
-0,60 
-1.18 
—0.56 
-0.4l 
-1.01 
-0.81 
-0.60 
0.69 
0.54 
-0.68 
-1.65 
-2.93 
-1.04 
-0.05 
-1.34 
-0.9c 
0.00 
-0.45 
-0.84 
-0.08 
-0.08 
-0.80 
-0.97 
-0.86 
-0,58 
-0.97 
0.66 
±0.56 
-0.62 
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genotype x environment x nitrogen variances, and heritability es­
timates for the inbred combined analyses of variance are presented in 
Table 11. Estimates for V and V were significantly different from g ge ° ^
zero for all traits. The magnitude of the V compared to V is an im-ge g 
portant comparison for future considerations. For all traits except PLHT, 
ERHT, and TILLN, the contribution of V vas at least 50% as high as for ge 
Vg, indicating that more than one testing environment is probably required 
to select the superior genotypes. Because the three environments used in 
the inbred study were greatly different (Table A6), it is not surprising 
that a high estimate for genotype x environment was obtained for the in­
bred plant, ear, and grain traits. In contrast, the contributions of 
V , V , and V to the total variation were relatively small when com-gp gn^ gDq 
pared to V^. Before one can conclude that evaluations can be performed 
at any nitrogen level, one must consider that was significantly dif­
ferent from zero for most traits although substantially smaller when com­
pared to V . The estimates for V and V are net presented in Ta-S gen^ gen^ 
ble 11. By examining the inbred combined analyses of variance (Table 8), 
however, it is observed that in most instances the mean square for G x E 
X exceeds the mean square for G x E x 1Î. For example, for YIELD 
is 6.97 while the calculated V for YIELD is 21.88, which is approxi-gen„ 
mately 50% as high as V^. It is suggested, therefore, that performance 
data need to be examined at each environment before a conclusion can be 
made with respect to the importance of the genotype x nitrogen interac­
tion. 
Examination of the analyses of variance for the individual 
Table 11. Genotypic (V ), genotype x environment (V ), genotype x nitrogen (V , V , V ), g gG gn 
genotype x environment x nitrogen variances, standard errors, and heritability 
estimates for inbred plant, ear, and grain traits for Experiment l8 
Traits V V V V V V h2 g ge gn 8*2 gen 
ANTH®" U.OB ±0.95 0.37 ±0.13 l.%2 ±0.05 0.0% ±0.17 — 0.9% 
SILK* 5.83 ± — —  1.32 ±0.%3 %.88 ±1.62 0.85 ±0.72 — 0.87 
PSSI* 2.UT ±0.61 —  —  0.96 ± 0.22 0.91 ± 0.83 -1.31 ±0.36 — 0.70 
PLHT 358.58 ±83.77 3%.0% ±6.06 2.65 ±1.32 8.%8 ± %.%5 1.8% ±2.77 3.-11 ±2.02 0.96 
ERHT 135.26 ± 31.70 12.99 ±2.%9 0.70 ± 0.80 1.89 ±1.86 0.86 ±1.60 2.81 ±1.39 0.96 
PLA 39.39 ±11.00 25.98 ±%.29 0.17 ±0.20 0.78 ±0.52 0.07 ±0.%9 -0.12 ± 0.%1 0.81 
TILLN 6.56 ±1.68 2.39 ±0.16 0.65 ± 0.10 2.07 ±0.5% 0.50 ±0.17 -0.01 ±0.07 0.87 
EL h.2h ±1.22 2.57 ±0.5% 0.07 ± 0.20 0.59 ±0.6% 0.68 ± 0.%3 0.52 ± 0.39 0.75 
ED 0.10 ±0.0% 0.15 ±0.03 0.00 ± 0.01 0.01 ± 0.02 -0.01 ±0.01 0.03 ± 0.01 0.60 
KD^ 0.09 ±0.00 0.05 ±0.01 0.01 ±0.03 -0.01 ± 0.01 0.01 ± 0.01 0.05 ± 0.07 0.77 
SP^ 0.05 ± 0.02 0.07 ± 0.02 0.06 1+
 
0
 
0
 
-0.01 ±0.01 0.01 ±0.01 0.01 ± 0.00 0.62 
KW 69.51 ±20.28 51.55 ±9.25 %.17 ±1.86 16.17 ±7.2% 0.92 ±%.78 3.%3 ±9.97 0.76 
EPP^ 0.2% ±0.07 0.1% ± 0.00 0.03 ± 0.01 0.10 ±0.0% 0.02 ±0.01 0.03 ± 0.01 0.80 
PROT 0.%2 ±0.15 0.3% ±0.10 0.07 ±0.07 0.09 ±0.13 0.11 ±0.09 0.36 ± 0.10 0,61 
YIELD 38.%9 ±12.03 39.09 ±6.65 0.61 ±0.99 1.25 ± 3.%6 2.58 ±1.56 6.97 ±1.71 0.73 
Measured in one environment. 
^Variance estimates and standard errors were multiplied by 10^. 
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environments (Tables A7> A8, and A9) will aid in interpreting some of the 
observations from the combined analyses of variance. The main effect of 
nitrogen and the linear and quadratic components of this main effect var­
ied greatly among the environments. For example, at Ankeny in 1976 
(Tables A3 and AT) nitrogen fertilization had essentially no effect on 
most of the traits measured. The exceptions were PLA, TILLN, and PROT, 
which had positive responses. At Atomic Energy in 1978 (Tables A5 and 
A9)j positive linear responses were seen with nitrogen fertilization for 
PLHT, EEHT, PLA, EL, ED, KD, SP, and YIELD. Most of the response occurred 
with the first increment of nitrogen, with little additional response at 
higher fertility levels; the quadratic regression coefficients, however, 
were not significant. The greatest responses to nitrogen fertilization 
occurred at Ames in 1978 (Tables Ah and A8) where the main effect of ni­
trogen was highly significant for all plant, ear, and grain traits. In 
addition, linear and quadratic sources of variation were significant for 
most traits. The exceptions were ERHt and PROT for which the quadratic 
and linear components were not significant, respectively. The response 
of inbred YIELD to nitrogen fertilizer was greatest at this environment 
(Table Ah) where the greatest increase for YIELD, and other traits, oc­
curred with the first increment of nitrogen fertilizer (60 kg/ha). In 
general, most traits responded positively to nitrogen fertilizer until 
the 120 or l80 kg/ha rate, after which the increase was negligible, or 
even decreased slightly with additional nitrogen. ANTH, SILK, and PSSI 
were exceptions in that the number of days to ANTH and SILK and the in­
terval between them (PSSI) decreased with nitrogen application. These 
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large discrepancies in the nain effect of nitrogen fertilizer in the 
three environments caused the significant nitrogen x environment interac­
tions observed in the inbred combined analyses of variance (Table 8). 
Differences among genotypes were highly significant for all traits at 
each environment. Determining the importance of the genotype x nitrogen 
interaction is somewhat difficult because of the significant genotype x 
environment x nitrogen second-order interaction in the combined analyses 
of variance for most inbred plant, ear, and grain traits. Because, how­
ever, the greatest response to nitrogen fertilization occurred at Ames in 
1978, it is useful to examine the variance component estimates for this 
environment (Table 12). Of the 15 inbred plant, ear, and grain traits 
measured, only PLHT, ERHT, and PLA exhibited substantially smaller esti­
mates of V , V , or V when compared with V for the same traits, gn' gn^' gn^ ^ g 
For these three plant traits, therefore, testing at any nitrogen level 
used in this study should allow for selection of the superior genotypes. 
variances of the respective genotype x nitrogen interactions were of suf­
ficient magnitude to indicate that testing should be done at a nitrogen 
level that maximizes the response of the trait in interest. 
YIELD is the inbred trait of most importance to the maize breeder. 
The data in Table 13 present genotype x nitrogen means and estimates for 
linear and quadratic regression coefficients for YIELD of the kO inbred 
lines at Ames, 1978. As was observed when the data were combined over 
environments (Table 10), most inbred lines had positive and negative es­
timates for linear and quadratic regression coefficients,- respectively. 
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Table 12. Genotypic (V ) and genotype x nitrogen (V , V , V ) vari­
ances and standard errors for inbred plant, ear, and grain 
traits for Experiment l8 at Ames 1978 
Traits V g V gn V % 
AKTH U.08± 0.95 0.37 ±0.13 1.42 ±0.05 0.04± 0.17 
SILK 5.83 ±1.42 1.32 ±0.43 4.88 ±1.62 0.85 ±0.72 
PSSI 2.07 ±0.59 0.96 ± 0.45 0.91 ±0.83 -1.31 ±0.36 
PLHT 450.91 ±102.88 10.89 ± 3.53 39.07 ±13.02 6.04 ± 5.63 
ERHT 170.43± 39.18 3.40 ± 2.11 15.65 ± 6.61 4.42± 4.11 
PLA 42.79±9.89 -0.09 ± 0.60 0.92 ±1.29 -0.04±1.08 
EL 5.20 ±1.4o 0.95 ±0.75 1.80 ±1.57 -1.47 ± 0.86 
ED 0.19 ± 0.05 0.04±0.02 0.10 ± o.o4 0.06 ± 0.03 
KD& 0.12 ±0.03 0.01± 0.00 0.08 ±0.03 -0.01± 0.01 
SP* 0.07± 0.02 0.02 ± 0.01 0.06 ± 0.02 0.03±0.01 
YIELD 42.54 ±10.24 11.16 ± 2.95 27.39 ±9.30 3.53 ±3.97 
KW 105.35 ±25.14 25.79 ±6.47 68.64 ± 22.07 28.1+1 ±13.03 
EPP^ 0.24± 0.10 0.13 ±0.03 0.35 ± 0.10 0.12 ±0.05 
TILLN 8.69 ±2.01 1.02 ± 0.06 3.14 ±0.94 0.84 ±0.42 
PROT 0.36 ± 0.07 0.43 ±0.07 0.75 ± 0.27 0.56 ±0.23 
Variance estimates and standard errors were multiplied by 10 . 
1 
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Genotype x nitrogen means and linear and quadratic regression 
coefficients for YIELD of 40 inbred lines at Ames 1978 for Ex­
periment l8 
Nitrogen applied (kg/ha) % 
"5 So 12Ô ]3Ô 24Ô~ X b. b I q 
22.0 35.3 
17.3 25.7 
10.1 19.0 
19.6 18.3 
5.2 17.8 
3.1 15.3 
18.7 19.6 
0.6 7.8 
17.9 25.9 
12.2 21.5 
6.5 9.3 
6.8 16.9 
5.6 15.6 
0.5 7.9 
17.4 30.2 
11.3 18.9 
15.4 28.4 
16.1 19.9 
8.3 14.0 
14.9 26.8 
23.1 26.8 
12.3 4.7 
3.3 13.3 
5.3 13.2 
7.7 1°.T 
10.4 20.0 
12.0 13.3 
15.3 29.9 
8.5 12.9 
17.0 22.5 
14.8 26.9 
10.9 15.7 
19.9 26.1 
T )i n ml. T 1 
5.0 13.9 
10.3 21.9 
2.1 12.9 
9.6 14.0 
18.0 28.6 
6.8 7.6 
11.4 19.1 
34.4 32.6 
25.3 15.6 
22.1 18.3 
18.4 24.2 
29.0 4o.l 
24.8 25.7 
21.0 40.4 
12.0 11.9 
24.8 29.8 
23.2 23.2 
8.8 17.9 
9.3 17.7 
15.4 18.0 
18.3 11.1 
32.4 26.5 
23.4 20.0 
30.3 32.2 
21.0 29.3 
10.8 23.9 
30.9 23.8 
27.6 21.4 
9.2 9.1 
22.3 22.1 
24.7 28.0 
42.0 33.4 
23.2 28.1 
17.4 24.2 
37.0 46.4 
22,1 20.2 
14.7 25.0 
22.1 l4.o 
22.8 17.1 
33.5 30.5 
29.6 I4.7 
17.0 14.7 
33.8 33.5 
18.6 20.6 
8.6 18.1 
37.4 43.7 
14.3 14.3 
22.8 24.0 
35.0 31.9 
28.1 22.4 
21.7 18.2 
20.9 20.3 
30.7 24.6 
17.4 17.3 
22.6 24.5 
9.4 8.4 
30.2 25.7 
20.3 20.1 
12.0 10.9 
0.0 10.1 
16.2 14.2 
16.2 10.8 
39.1 29.1 
22.3 19.2 
27.7 26.8 
19.5 21.2 
12.5 13.9 
28.6 25.0 
23.5 24.5 
4.9 8.0 
19.4 16.1 
29.5 20.1 
29.5 26.5 
21.5 20.6 
21.9 17.8 
37.4 33.2 
28.1 18.4 
16.8 19.2 
25.2 20.6 
19.6 17.2 
38.9 29.8 
17.9 20.3 
21.1 l4.4 
35.0 26.9 
15.7 l4.0 
12.6 12.6 
36.9 32.9 
17.9 12.2 
22.6 21.5 
2.33 -1.63 
1.16 -0.09 
2.24 -1.27 
0.84 0.11 
7.33 -3.14 
3.91 -3.55 
2.87 -1.39 
2.18 -1.70 
2.86 -0.66 
1.78 -1.87 
1.95 -0.55 
-1.27 -2.84 
2.36 -1.48 
3.4$ -1.58 
3.99 -0.60 
2.31 -1.31 
2.84 -2.49 
1.60 -1.42 
1.83 -1.26 
2.44 -1.82 
-0.46 
-0.73 
-1.04 0.15 
4.09 -2.47 
6.32 -1.50 
5.72 y. y. 0 — *+ • «+U 
3.04 -2.21 
3.06 -0.32 
6.07 -3.21 
4.65 -0.30 
0.21 -0.66 
0.79 -0.38 
1.87 -1.22 
4.23 -0.43 
-0.41 -2.35 
3.30 -0.74 
6.10 -2.31 
3.49 -2.51 
1.00 -0.34 
5.30 -2.66 
2.89 -0.08 
±1.16 ±0.98 
2.73 -1.48 
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The response of inbred YIEIjD to nitrogen fertility, however, was greater 
at this environment as evidenced by a greater nmber and higher magnitude 
of significant linear and quadratic regression coefficients. A nitrogen 
application of either 120 or l80 kg/ha generally resulted in attainment 
of maximum YIELD for those genotypes that had a significant response. 
There were a few exceptions, however, where maximum YIELD may not have 
been obtained (i.e., entries 15, 2h, 29, 33, and 35) because the linear 
response was significant, but the quadratic was not significant. Consid­
ering the YIELD data as a group, however, evaluation for inbred YIELD per 
se would appear to be most effective at either 120 or iSo kg/ha. This 
conclusion would apply in environments that are conducive to a response 
to nitrogen fertilizer. Because this opinion is based on data from one 
environment, it would be desirable to test in additional environments to 
verify the preliminary conclusion. 
It was realized before this study was initiated that the Uo inbred 
lines vere not a random sample of the original 247 unselected inbred lines 
obtained from BSSS. Variance component estimates from my study can be 
compared with those from a study by Obilana and Hallauer (1977) in which 
all 2^7 inbred lines were used. For all traits in common between the two 
experiments, my estimates for V were substantially smaller with the ex-
S 
ception of EL. For example, Obilana and Hallauer ( 1977) obtained an es­
timate of Vg = 29^ for YIELD, whereas my estimate was only 38. The heri-
tability estimates from our two studies agreed fairly closely. For ex­
ample, heritability estimates obtained in my study for YIELD, EL, ED, KD, 
PLHT, and ERHT were 0.73, 0.75» 0.60, 0.77» 0.96» and 0.96, respectively. 
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whereas heritability estimates obtained by Obilana and Hallauer for the 
same traits were 0.80, 0.68, 0.46, 0.53, 0.93, and 0.9^, respectively. 
The relative contribution from the variance components to the total vari­
ation from the two studies thus appears to be similar. 
Single-cross plant, ear, and grain traits 
Mean values for the single-cross study are presented in the Appendix 
as follows: (l) means for the main effect of nitrogen for each environ­
ment pooled over entries (Tables AlO, All, A12, and A13), and (2) the 
means for each environment as pooled over entries and fertility levels 
(Table Al4). The analyses of variance for each environment for the split-
plot design are presented in the Appendix in Tables A15, AI6, AIT, and 
A18, respectively. 
The main effect of nitrogen was not significant for ARTE, SILK, PSSI, 
PLHT, ERHT, and KW in the single-cross combined analyses of variance 
(Table lU). The nitrogen linear or quadratic sources of variation, how­
ever, were significant for ANTH, SILK, PSSI, and KW. Linear regression 
accounted for most of the variation in the other traits (Tables lU and 
15)- As observed with the inbred data, the greatest response for most 
single-cross traits occurred with the first increment of nitrogen fertili­
zer (Table 15)- Application of additional nitrogen resulted in smaller 
responses for most traits, which caused significant estimates of the quad­
ratic regression coefficients for some traits. Single-cross YIELD re­
sponded in a positive manner to nitrogen fertilizer up to the 120 kg/ha 
rate; additional fertilizer beyond this rate did not substantially affect 
single-cross YIELD. Data in Table 15 indicate that all ear and grain 
Table 1^. Single cross combined analyses of variance for Experiment l8 
Mean squares 
Source df MTH SILK 
Environments (E) 3 (1)^ [1 ^  {2}": 791.20 308.18 
Replications/E 8 i h )  [ 2  {6} 42.98 38.96 
Nitrogen (N) h  i h )  [U { k }  106.13 311.1;3 
(linear) 1 (1) [1 {1} 119.70 357.51 
(quadratic) 1 (1) [1 {1} 2U3.06t 766.80* 
(deviations) 2 (2) [2 {2} 30.88 60.7c 
N X E 12 i k )  [U {8} k6.5h** 96.22* 
E X 3 (1) [1 {2} 175.56** 279.36* 
E X 3 (1) [1 {2} 5.37 10U.U9t 
E X Na 6 (2) [2 i h }  2.61 0.51 
Error a 32 (16) [8 { 2 k }  9.58 31.56 
Genotypes (G) 19 (19) [19 {19} 18.1+6** 34.87 
G X E 57 (19) [19 {38} it. 76** 20.77** 
G X W 76 (76) [76 {76} 1.66 12.68 
G x N ^  19(19)[19 {19} 1.33 26.91 
G X N 19(19)[19 {19} 0.89 13.51 
G X N J 38(38)[38 {38} 2.2lt 5.15 
G X E X K 228 (76) [76 {152} 1.28 9.65 
G x E X 57(19)[19 {38} 1.1:8 15.86t 
G X E X N q 57(19)[19 {38} 0.80 12.86 
G X E X N, Q. llk(38)[38 {76} I.U2 U.94 
Error "b 760(380)[190 (570} 1.63 10.66 
Total 1199(599)[399 {399} 5.02 15.70 
C.V. % 5.03 11.33 
degrees of freedom for MTH, SILK and PSSI. 
Degrees of freedom for PROT. 
Degrees of freedom for PLA.. 
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Mean squares 
PSSI PLHT ERHT PLA 
111.80 16837.79 97050.87 569.90 
9.90 702.15 265.29 113.28 
55.02 2230.89 785.77 2732.70** 
63. 2223.96 835.32 8576.58** 
1L6.52* 1935.12 353.28 2263.32t 
5.04 2382.24* 977.24* 45.45 
19.03 972.28* 391.10** 299.78** 
12.00 1678.83* 10l4.40** 934.48** 
62.1i9+ 1549.74* 298.61t 222.97* 
0.81 330.27 125.69 20.83 
15.19 452.56 114.96 78.28 
25.35 8882.65** 3543.57** 1133.85** 
20.02** 133.15** 124.00** 45.06** 
11.84 55.63 48.85* 18.78 
24.65 46.81 69.07** 22.30 
13.73 92.26** 45.57 l6.15t 
4.49 41.73 40.38 18.33 
10.52 50.33* 32.46 14.83 
19.24* 68.27** 42.24 19.05 
13.49 57.33 37.75 10.19 
4.67 37.86 24.92 15.04 
10.08 42.36 35.49 14.47 
15.70 643.42 348.02 58.08 
91.37 3.13 6.08 5.64 
Table lU. (continued) 
Mean squares 
EL KD^ SP® 
623.25 161.15 31.87 13.75 
26.78 3.96 0.27 0.05 
295.68* 67.92* 5.40* 4.87* 
798.90** 213.75** 16.85** 11.76* 
338.52* U5.39V 3.28 5.83t 
22.65 6.27 0.73 0.94 
61.35** 13.99** 1.61** 1.32** 
150.68** 37.84** 4.72** 3.61** 
87.09** 16.62** 1.44** 1.35* 
3.81 0.75 0.l4 0.16 
1;.76 0.88 0.20 0.24 
73.25** 23.27** 1.17** 1.85** 
6.30** 0.95** 0.19** 0.64** 
3.22** 0.84 0.14 0.19 
6.09** 1.96** 0.25** 0.28 
2.39 0.42 0.09 0.30 
2.20 0.49 0.11 0.09 
2.09 0.68t 0.13 0.20** 
2.68t 0.82* 0.11 0.29** 
1.92 0.62 0.l4t 0.23* 
1.88 0.64 0.13t 0.l4 
2.06 0.55 0.11 0.15 
6.83 1,76 0.25 0=27 
9.55 5.34 12.86 4.81 
[ean squares were multiplied by 10^. 
e 2 Mean squares were multiplied by 10 . 
TO 
Mean squares 
YIELD KW EPF® TILLN PROT 
89399.15 26964.22 8.ko 229.72 73.99 
829.3k 60.17 3.02 15.52 0.15 
16777.59* 591.59 8.6k* 183.10** 72.21** 
50032.11** 2008.98** 22.80* 6k9.38** 266.k2** 
I3U7O.I5** 1.79 11.67t 28.77 0.k8 
I80U.05 177.79 0.0k 27.12 10.97t 
3678.31** 7kl.20** 2.9k** 26.32** 3.69 
IOOI18.98** 2228.95** 7.01** 88.68** 8.k8 
331+3.18** 235.55* 3.52** 5.26 3.30 
660.5k* 250.15** 0.61 5.67 l.k9 
228.08 52.71 0.81 3.95 3.07 
II8U.59** lOkO.51** 3.k7** 306.18** 2.28 
3I+I.5I+** 178.99** 0.97** 19.27** l.ko* 
I2I1.I8** kk.69** 0.78 13.92** 0.8k 
230.27** 89.83** 1.52 31.1k** 1.09 
81.25 36.86t 0.69 8.9k* 0.80 
92.60 26.03 0.k5 7.80** 0.7k 
83. k8 27.2k 0.66** k.57** 1.10* 
95.^9 31.22t 1.00** 6.6k** 1.00 
85.29 25.77 0.k7 k.k8* 1.10 
76.57 25.98 0.58 3.58 1.15** 
83.10 2k. 82 0.51 3.05 0.75 
1+39.52 127.kl 0.72 11.11 1.91 
Ik. 86 7.53 7.31 62.31 9.71 
Table 15. Single-cross means for plant, ear, and grain traits for Exper­
iment 18 pooled over environments and entries 
Means 
applied (kg/ha) ANTH SILK PSSI PLHT ERHT 
0 26.9 31.6 k.6 203.4 95.2 
60 24.8 28.1 3.3 210.7 100.0 
120 2U.5 27.4 2.8 209.9 97.7 
180 25.1 28.3 3.2 207.0 97.9 
2k0 25.2 28.7 3.5 210.0 99.2 
\ ns ns ns ns ns 
b q 0.38 ± 0.06 0.69 ± 0.26 0.30 ±0.12 ns ns 
L.S.D.^05 
L.S.D.^10 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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Means 
PLA EL ED KD SP 
60.9 13.1 4,1 0.74 0.77 
66.5 14.9 4.4 0.82 0.80 
69.4 15.8 4.5 0.84 0.80 
70.0 15.6 4.5 0.84 0.80 
70.1 15-7 4.5 0.86 0.80 
2.18 ± 0. 72 0.58 i 0.16 0.09 ± 0.02 0.03 ± 0.01 0.02 ± 0.009 
-0.95 ± 0. 30 -0.32 ± O.lh -0.04 ± 0.02 ns 0.01± 0.006 
h . 3  1.6 0.2 0.08 0.02 
3.H 1.3 0.2 0.07 0.02 
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Table 15. (continued) 
Means 
YIELD KW EPF TILLN^ PROT 
U7.i+ 6k.2 0.9 0.6 7.90 
6o.o 65.1 1.0 1.2 7.96 
66.8 66.9 1.0 2.3 9.21 
6k.9 66.2 1,0 2.1 9.61 
67.8 68.2 1.0 2.7 9.96 
4.57 + 1 .  26 0.91 + 0.58 0.03 ± 0.01 0.52 ±0.22 0.47 + 0.38 
H
 
+1 O
 
O
 
CVJ 1 05 ns -0.06 ± 0.02 ns ns 
12.1 ns 0.03 1.1 0.85 
9.9 ns 0.03 0.9 0.65 
Values were multiplied by 10^. 
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traits contributed to higher YIELD with the nitrogen treatments. The in­
crease in KD was reflected by greater values for KW. To the extent that 
PLA contributed more photosynthate with nitrogen fertilization, the in­
crease in PLA would have some contribution to YIELD. EL responded in a 
manner similar to YIELD, indicating that greater seed number was the ear 
trait primarily contributing to higher grain yield. AIITH, SILK, and the 
interval between the two dates (PSSI) decreased with nitrogen fertiliza­
tion. This observation was similar to the inbred data. 
The significant nitrogen x environment interactions for all single-
cross plant, ear, and grain traits except PSSI and PROT indicate that the 
main effect of nitrogen was different in the four environments. In gen­
eral, the environment x nitrogen linear component accounted for most of 
the variation. Single-cross means for plant, ear, and grain traits as 
affected by nitrogen fertility for the four environments (Tables A10-A13) 
illustrate how a significant nitrogen x environment interaction was ob­
tained. The greatest response of singlc-crcss traits to nitrogen fertili­
ty occurred at Ames, 1978 and to a slightly lesser extent at Atomic Ener­
gy, 1978 (Tables A12 and A13). Most traits responded to nitrogen fertili­
ty up to approximately 120 kg/ha. Conversely, maximum response for most 
ear and grain traits at Ames, 1976 and Ankeny, 1976 occurred at approxi­
mately 60 kg N/ha (Tables AlO and All). Additionally, the response at 
Ames, 1976 was substantially less compared with the response of single-
cross plant, ear, and grain traits at the other three environments. 
The data from Ames, 1978 warrant further discussion because the 
greatest response for single-cross plant, ear, and grain traits occurred 
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at this environment. Data for this environment (Table A12) indicate that 
maximum YIELD, as pooled over entries, was obtained at approximately 120 
kg N/ha. Application of additional nitrogen fertilizer in excess of 120 
kg/ha resulted in only slight increases in YIELD. All ear and grain 
traits seem to have contributed to the YIELD response. Greater EL, re­
sulting in more seeds being produced, seems to be the ear or grain trait 
contributing most to YIELD. This was most evident at the 2^0 kg N/ha 
level when means for EL, KW, and YIELD were examined. The slight reduc­
tion in YIELD at 2Uo kg N/ha can be attributed partially to fewer seeds 
being produced because of a slight reduction in EL. Conversely, KW 
showed a linear response to nitrogen fertilization. Therefore, the heav­
ier seeds at the 2U0 kg N/ha level could not compensate for the reduction 
in seed number and a slight decrease in YIELD was observed. Days to ANTS 
and SILK were reduced up to 120 kg N/ha. Also, the interval between these 
two dates (PSSI) was observed to be smallest at 120 kg N/ha. The response 
of PLA to nitrogen fertilization would also contribute to YIELD because 
more photosynthate was available for utilization. 
Highly significant genotypic differences were present for most plant, 
ear, and grain traits in the single-cross combined analyses of variance 
(Table lU). Nonsignificance among genotypes was observed for SILK, PSSI, 
and PROT, but this was due in part to relatively high genotype x environ­
mental interactions. Significant genotype x environmental interactions 
were also observed for all other plant, ear, and grain traits. A signifi­
cant genotype x nitrogen interaction was observed for each of ERHT, EL, 
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YIELD, KW, and TILLN, and the genotype x nitrogen linear component ac-
coiinted for most of the variation. PLHT, PLA, ED, and KD also exhibited 
significant linear or quadratic genotype x nitrogen interactions even 
though the main effect was not significant. Several of the single-cross 
plant, ear, and grain traits also had a significant genotype x environ­
ment X nitrogen second-order interaction. Overall, however, the contri­
bution of this interaction to the total variation seems to have been 
smaller than for the inbred study. 
The estimates of the various variance components for the single-cross 
study are presented in Table l6. As was seen in the inbred study, the en­
vironments used in this study were greatly different (Table Al4), which 
would be conducive for a high estimate for the genotype x environment in­
teraction for single-cross plant, ear, and grain traits. Comparing the 
estimates of V , V , and V with the V for the various traits leads g° gn g 
to basically the same conclusion as for the inbred study, this being that 
selection for AIîxH, PLHT. ERHT. and PLA should be possible at any nitrogen 
level used in this study. Also, interaction estimates for SILK, PSSI, and 
PROT were not different from zero. Lack of adequate genotypic variation 
for these traits, however, would make selection inefficient regardless of 
the fertility level used. The magnitude of and its orthogonal com­
ponents, especially V , indicates that selection for the other single-
cross plant, ear, and grain traits should be done at nitrogen levels that 
maximize the expression for the trait in interest. 
The genotype x nitrogen means and linear and quadratic regression 
coefficients for single-cross YIELD combined over environments are 
Table l6. Genotypic (V ), genotype x environment (V ), genotype x nitrogen (V , V , V ), 
genotype x environment x nitrogen variances and standard errors for single-cross 
traits for Experiment l8 
Traits Vg V ge V gn V 8"% 
V V gen 
ANTH 0.46 ±0.20 0.21 ±0.01 0.06 + 0.06 -0.02 ± 0.11 0.01 ± 0.06 -0.12 ± 0.08 
SILK 0.47 ±0.44 0.67 ±0.15 0.50 ±0.43 1.84 ±1.69 0.11 ±1.01 -0.34 ± 0.58 
PSSI 0.18+0.12 0.66 ±0.20 0.22 ± 0.43 0.90 ±1.69 o.o4 ±i .o4 0.15 ± 0.62 
PLHT 145.82 ±48.05 6.05 ±1.66 0.44 ± 0.85 -1.79 ±1.66 4.07 ± 2.49 2.66±1.73 
ERHT 57.00 ±19.17 5.90 ±1.54 1.15 ± 0.65 2.24 ± 0.99 0.65 ±1.36 -1.00 ±1.18 
PLA 24.19 ±8.14 2.04 ±0.69 0.44 ± 0 .39 0.36 ±0.93 0.66 ± 0.32 0.12 ±0.63 
TILLN 4.78 ±1.66 1.08 ±0.24 0:78 ±0.19 2.04 ± 0.85 0.37 ± 0.25 0.51± 0.15 
EL 1.12+0.40 0.28±0.08 0.09 ±0.05 0.28 ±0.17 o.o4 ± 0.07 0.01± 0.07 
ED®" 0.37 ±0.13 0.03 ± 0.01 0.01± 0.01 0.09 ±0.04 -0.02±0.01 0.04 ± 0.02 
KD^ 0.02 ± 0.01 0.01± 0.00 0.00 ± 0.00 0.01± 0.01 0.00 ±0.00 0.01± 0.00 
SP^ 0.02 + 0.00 0.03 ± 0.00 0.00 ± 0.00 0.00 ±0.01 0.01 +0.01 0.02 ± 0.00 
KW 14.36 ± 5.66 10.28 ± 2.23 1.45 ± 0.64 4.88 ±2.35 0.92 ± o.4o 0.81 ±0.95 
EPP^ o.o4 ± 0.00 0.03 ± 0.00 0.01± 0.00 o.o4 ± o.o4 0.02 + 0.02 0.05 ± 0.00 
PROT* 0.44 + 0.43 0.65 ± 0.12 -0.64 ±0.56 0.22 ±1.20 -1.82 ±1.10 1.73 + 0.22 
YIELD 14.05 ± 6.50 17.23 ± 4.25 3.42 ±1.68 12.19 ± 5.91 -0.33 ±2.57 0.13 ± 2.97 
Values were multiplied by 10^. 
b 2 Values were multiplied by 10 . 
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presented in Table 17. Linear regression coefficients were significantly 
different from zero for all entries. With the exceptions of entries 56 
and 58, all quadratic regressions were different from zero. A significant 
quadratic regression value indicated that grain yield did not increase 
substantially at the higher fertility rates. This observation was veri­
fied by examining the genotype x nitrogen means in Table 17 where maximum 
grain yield for most entries was attained at 120 kg N/ha. Conversely, 
YIELD for entries 56 and 58 increased by approximately 5 q/ha between I80 
and 2U0 kg N/ha, indicating maximum YIELD had not been obtained. The 
YIELD data obtained at the Ames, 1978 environment (Table I8) also indicat­
ed that most entries attained maximum YIELD at 120 kg N/ha. Exceptions 
were observed for entries i+U, 50, 53, and 57 because maximum YIELD was ob­
tained at 180 kg N/ha. The quadratic regression coefficient for entries 
U7, 52, 56, and 59 was not significantly different from zero. The in­
crease in YIELD, however, between I80 and 2U0 kg N/ha was small suggesting 
maximum YIELD had been obtained. The exception was entry 59 because a 
YIELD increase of 5 q/ha was observed between I80 and 2k0 kg N/ha. 
A graphical representation can be used to clarify the importance of 
the V and V components. Figure 1 presents the regression lines for 
^2 gHq 
the overall mean and three selected single crosses for YIELD as influenced 
by nitrogen fertility. The high estimate for (12.19, Table I6) in­
dicates the linear slopes for the 20 single crosses differed significant­
ly. The estimate for V was essentially zero indicating that the 20 
single crosses were not significantly different for quadratic responses 
across fertility levels. It was noted, however, that one genotype 
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Table IT- Genotype x nitrogen means and linear and quadratic regression 
coefficients for YIELD of the 20 single crosses combined over 
environments for Experiment l8 
Nitrogen applied (kg/ha) 
Entry 0 60 120 l80 2U0 X b b 
^ Q. 
1+1 he.6 57.7 63.7 65.9 65.3 59.8 4,56 -1.94 
k2 48.2 58.9 62.1 61.6 62.4  58.6 3.11 -1.66 
k3 45.6 60.8 82.7 71.7 77.2 67.6 7.41 -3.74 
hk 57.5 63.6 74.2 77.3 76.5 69.8 5.18 -1.52 
U6.9 55.8 60.2 56.6 57.3 55.4 2.17 -1.74 
k6 45.1 56.7 60.7 54.1 57.2 54.7 2.16 -1.98 
hi 42.6 57.9 64.8 68.5 71.5 61.1 6.85 -1.99 
k8 52.7 71.2 77.6 72.4 76.0 70.0 4.77 -2.95 
kg 48.5 63.7 71.3 66.2 69.5 63.9 4.44 -2.61 
50 43.6 52.7 59.9 60.5 62.2 55.8 4.51 -1.53 
51 43.7 59.1 65.4 62.9 69.3 60.1 5.50 -1.91 
52 51.4 64.8 70.9 68.3 73.8 65.8 4.83 -1.74 
53 41.7 55.9 63.0 63.0 70.7 58.9 6.52 -1.45 
5h 47.8 56.5 64.2 61.8 60.7 58.2 3.11 -2.12 
55 48.7 67.8 67.1 66.6 67.3 63.5 3.61 -2.61 
56 "t w • jl 57.6 65.6 65.9 71.5 61.7 5.51 -1.11 
57 47.6 59.0 63.6 69.9 63.9 60.8 4.37 -2.37 
58 49.6 59.2 61.7 62.9 68.1 60.3 4.07 -0.71 
59 44.1 57.5 63.3 56.6 65.6 57.4 4.19 -1.53 
6o 47.8 62.9 72.9 64.5 69.0 63.4 4.41 -2.83 
S.E. ±0.84 ±0.71 
1 47.4 60.0 66.8 64.9 67.8 61.3 4.57 -2.00 
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Table l8. Genotype x nitrogen means and linear and quadratic regression 
coefficients for YIELD of 20 single crosses at Ames 1978 for 
Experiment l8 
Nitrogen applied (kg/ha) 
Entry 0 60 120 180 240 X b q 
Ul 28.0 39.8 61.8 66.6 63.5 52.0 9.78 -3.36 
k2 21.8 k8.6 56.4 58.7 54.0 47.9 7.43 -4.90 
^3 22.3 38.1 83.9 75.6 73.8 58.7 l4.04 -6.37 
kk 29.8 48.1 68.4 74.9 70.7 58.4  10.86 -4.20 
h5 23.6 1+3.9 53.8 55.6 56.4  46.7 7.73 -3.37 
k6 25.8 l3.3 61.7 56.0 58.8 49.1 7.89 -3.82 
hi  19.1 27.3 60.3 71.6 75.4 50.7 15.69 -2.18 
k8 2U.3 50.2 70.6 67.7 68.5 56.3 10.58 -5.25 
k9 25.2 50.7 70.6 69.2 55.8 54.3 7.98 -7.07 
50 25.5 35.3 60.5 66.0 62.5 50.0 10.49 -3.31 
51 19.8 42.5 62.2 59.7 69.5 50.7 11.66 -3.43 
52 21.k  47.9 6l .6 70.6 72.8 56.1 11.36 -2.95 
53 l6 , l  41.7 58.5 77.6 74.0 53.6 15.16 -4.01 
5^ 23.7 45.4 67.5 69.9 61.7 53.6 10.05 -5.67 
55 33.0 64.4 69.9 67.6 62.3 59.4 6.18 -5.81 
5d 25.T 44.9 53.3 67.4 66.3 51.9 10.76 -2.21 
57 30.3 48.6 64.4 82.8 63.6 57.9 10.07 -5.18 
58 18.9 37.0 60.4  57.0 56.9 46.0 9.59 -4.50 
59 26.6 37.8 52.6 57.0 62.2 47.3 9.05 -1.61 
6o 26.1 54.7 76.0 72.3 73.0 60.4  11.15 -5.76 
S.E.  ±1.82 ±1.54 
2U.7 44.5 63.7 67.2 65.2 53.1 10.38 -4.25 
Figure 1. Genotype x nitrogen YIELD response for three ^ elected single 
crosses and the mean for all single crosses (X) using data 
from Experiment l8 combined over environments. 
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(entry 56) in Figure 1 continued a linear response at the higher fertili­
ty levels. Evidently, this deviation from a quadratic response for en­
tries 56 and 58 (Table 17) was not great enough to contribute substantial­
ly to the V estimate. 
Adequate variation among genotypes is necessary for efficient selec­
tion even in the absence of a significant genotype x nitrogen interaction. 
Figure 1 indicated that the variation for YIELD among these three geno­
types increased with higher nitrogen levels. Frequency data presented in 
Table I9 for the YIELD of 20 single crosses further suggest that the vari­
ation among single crosses increased with nitrogen application up to ap­
proximately 120 kg/ha. These data suggest that selection for single-cross 
YIELD in this material would be most efficient at either 120 or I80 kg 
N/ha because maximum response for most entries and variation among entries 
was greatest at these levels of nitrogen. 
Efficiency of nitrogen utilization 
Discussion pertaining to efficiency of nitrogen utilization will be 
centered upon YIELD because this is the trait of most interest. Data 
presented in Figure 1 and Tables 17 and 18 indicate differences among 
single crosses exist for efficiency of nitrogen utilization. Entry k3 in 
Figure 1 would be considered the most efficient of the three genotypes be­
cause it was able to utilize nitrogen by increasing YIELD to a greater ex­
tent than did the other two single crosses. The efficiency of utilization 
for this genotype was decreased at the highest fertility level because 
YIELD did not increase with additional nitrogen. Entry U5 would be the 
least efficient genotype because YIELD did not respond substantially to 
Table 19. YIELD class distributions for the 20 single crosses from Ex­
periment 18 as determined at each nitrogen level and combined 
over environments 
Nitrogen YI?îi2 
applied (kg/ha) 1+0.0-1+3.9 liU.0-l+T.9 48.0-51.9 52.0-55-9 56.0-59-9 
0 8 6 1 1 
60 — —— — 2 11 
120 —— —— » —— % 
180 — — — 1 2 
2^0 —— —— —— —2 
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YIELD 
60.0-63.9 6 4 . 0 - 6 7 . 9  68,0-71.9 7 2 . 0 - 7 5 . 9  7 6 . 0 - 7 9 . 9  80.0-83.9 Range Mean 
15.8 kl.k 
U 2 1 — — 18.1+ 60.0 
8 5 2 2 1 1  2 2 . 8  6 6 . 8  
6  5 ^  1  1  —  2 3 . 2  6 k . 9  
4 3 7 2 2 —  2 0 . 0  6 7 . 8  
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added to nitrogen. Entry 56, although having a linear response, would 
not be considered as efficient as entry US because the response to added 
nitrogen, especially at lower fertility levels, was much smaller compared 
with entry i;3. 
The evaluation for efficiency of nitrogen utilization in hybrid ma­
terial is relatively simple because growing the material at different fer­
tility levels will give the wanted results. Plant breeding programs, 
however, are more efficient when the performance of hybrid material can 
be predicted approximately based on inbred performance. Plant breeders 
have avoided studies pertaining to nitrogen utilization efficiency in in­
bred material for several reasons: availability of adequate seed to con­
duct these studies may be limited; breeding programs contain many lines 
that are being evaluated. Number of lines alone is a deterrent because 
adequate evaluation under different nitrogen regimes would require a very 
large field space. 
One objective of this study, therefore, vas to determine if effi­
ciency of nitrogen utilization in hybrid material could be predicted 
from inbred performance. Unfortunately, hybrid and especially inbred 
response to nitrogen fertilization was confounded by environmental condi­
tions. The best response was observed at Ames, 1978. Data from this en­
vironment will be used therefore to study the relationship between inbred 
and single-cross efficiency for nitrogen utilization. For purposes of 
comparison, the inbred parental genotype x nitrogen means, and linear and 
quadratic regression coefficients were calculated from Table 13 and are 
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presented in Table 20. Single-cross data are from Table l8 in which the 
data were from, the Ames, 1978 environment. Correlating the inbred linear 
and quadratic regression coefficients with the single-cross estimates 
should indicate to what degree the observed efficiency in the single 
crosses can be predicted from inbred parental efficiency for nitrogen uti­
lization. Correlation values of r = 0-39 and r = 0.25 were obtained for 
the linear and quadratic regression coefficients, respectively. Neither 
value was significant, but at least a positive relationship was present, 
indicating a positive, although nonsignificant, relationship between in­
bred and hybrid efficiency for nitrogen utilization. 
The relationship between inbreds and their single-cross efficiency 
for nitrogen utilization can be brought into sharper focus by examining 
response curves for several inbred parents and their respective single-
cross progenies (Figures 2 and 3). In making comparisons, greater empha­
sis should be placed on the relative response between parental inbreds 
and their respective single crosses to nitrogen fertilizer rather than 
predicted or observed values. By setting this requirement, the relation­
ship between inbred and single-cross YIELD could be negligible while the 
efficiency of nitrogen utilization could be similar. Efficiency of ni­
trogen utilization between these five pairs of parental inbreds and their 
respective single crosses appears to be similar, although there were ex­
ceptions (Figures 2 and 3). For example, among the more efficient single 
crosses were entries 1*3 and 53, and the parental responses (5 x 6 = U3 
and 25 X 26 = 53) were similar in that they efficiently utilized the 
available nitrogen. Likewise, entries and were not very efficient 
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Table 20. Parental genotype x nitrogen means, and linear and quadratic 
regression coefficients for YIELD of 20 parent inbred lines 
at Ames 1978 for Experiment l8 
Nitrogen applied (kg/ha) 
Entry 
cross 0 6o 120 l8o 240 X b q 
1x2 = 4i 19.6 30.5 29.8 24.1 31.5 27.1 1.74 -0.86 
3xU = 42 l4.8 18.8 20.2 21.3 21.3 • 19.2 1.54 -0.58 
5x6 = 43 4.1 16.5 26.9 32.9 24.1 20.9 5.62 -3.34 
7x8 = 44 9.6 13.7 16.5 26.2 16.0 l6.4 2.52 -1.54 
9x10 = 45 15.0 23.7 24.0 26.5 25.3 22.9 2.32 -1.26 
11x12 = 46 6.7 13.1 9.0 17.8 6.0 10.5 0.34 -1.69 
13x14 = 47 3.0 11.7 l6.8 14.6 16.2 12.5 2.90 -1.53 
15x16= 48 14.3 24.5 27.9 23.2 30.7 24.1 3.15 -0.95 
17xl8 = 49 15.7 24.1 25.6 30.7 23.6 24.0 2.22 -1.95 
19x20 = 50 11.6 20.4 20.8 23.9 20.5 19.4 2.13 -1.54 
21x22 = 51 17.7 15.7 18.4 15.3 14.2 16.2 -0.75 -0.29 
23x24= 52 4.3 13.3 23.5 25.1 24.4 18.1 5.20 -1.98 
25x26 = 53 9.0 19.9 32.6 30.8 25.5 23.5 4.38 -3.34 
27x28 = 54 13.6 21.6 27.2 35.3 29.6 25.5 4.56 -1.76 
29x30 = 55 12.7 17.7 18.4 22.7 22.5 18.8 2.43 -0.48 
31x32 = 56 12.8 21.3 22.4 15.5 22.4 18.9 1.33 -0.80 
33x34 = 57 17.4 25.4 31.6 22.6 28.4 25.0 1.91 -1.39 
35x36 = 58 7.6 17.9 25.4 24.1 28.0 20.6 4.70 -1.52 
37x38 = 59 5.8 13.4 13.6 19.3 l4.1 13.3 2.24 -1.42 
39x40 = 60 12.4 18.1 25.8 29.0 27.4 22.5 4.09 -1.37 
S.E. ±0,82 ±0-69 
X 11.4 19.1 22.8 24.0 22.6 21.5 2.73 -1.48 
Figure 2. Genotype x nitrogen YIELD response for five selected parental 
inbred pairs using data from Experiment l8 at Ames, 1978. 
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Figure 3. Genotype x nitrogen YIELD response for five selected single 
crosses using data from Experiment l8 at Ames, 1978. 
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in nitrogen utilization, and the responses of their parental inbreds 
(3 X 1+ = U2 and 9 x 10 = U5) to nitrogen fertilization indicated this 
lack of efficiency. Conversely, entry 60 was almost as efficient as en­
tries U3 and 53, but the inbred parents for this single cross (39 x Uo = 
60) did not efficiently utilize nitrogen to the same degree as did par­
ents for entries ^3 and 53. 
These data indicate that differences among inbred parents and their 
single-cross progenies exist with respect to efficiency of nitrogen uti­
lization. Also, a positive, although nonsignificant, relationship was 
observed between inbred and hybrid efficiency for nitrogen utilization. 
The correlation values, however, were too low to be of predictive value. 
Evaluation of parental material in breeding nurseries is usually under 
conditions of optimal nitrogen fertilization. These data suggest that 
selection of inbred lines under these conditions should maintain lines 
that are more efficient in nitrogen utilization and, therefore, increase 
the probability of obtaining nitrogen-efficient hybrid progenies. Be­
cause of high estimates for the genotype x nitrogen linear interaction 
one could hypothesize that selecting in a nitrogen-deficient environment 
would be inefficient in maintaining inbred lines with above-average ef­
ficiency for nitrogen utilization. These data should be considered as a 
preliminary conclusion because the inbred and hybrid data were from only 
one environment. Additional testing would be desirable for verification. 
Simple correlation analyses 
The simple correlation analyses for Experiment I8 will be dis­
cussed in three sections. The order of the presentation will be; 
9U 
(l) simple correlation coefficients among inbred plant, ear, and grain 
traits; (2) simple correlation coefficients among single-cross plant, ear, 
and grain traits; and (3) simple correlation coefficients between the mean 
inbred parental traits with their respective single-cross traits. The ta­
bles of the results of the correlations show significant values at 10, 3, 
and 1% levels of probability, but only those at 5 and 1% will be dis­
cussed. 
Simple correlation coefficients among inbred plant, ear, and grain 
traits The simple and genotypic correlation coefficients among 15 in­
bred plant, ear, and grain traits calculated for data combined over envi­
ronments and nitrogen levels are presented in the Appendix in Tables A19 
and A20, respectively. Generally, the simple correlation coefficient 
agrees closely with the genotypic correlation coefficient calculated for 
each pair of traits. Differences between the two estimates would be at­
tributed to genotype x environment, genotype x nitrogen, genotype x envi­
ronment X nitrogen, and error correlations. Farther discussion will be 
based on simple correlation coefficients. 
The simple correlation coefficients among the 15 inbred plant, ear, 
and grain traits, calculated for data combined over environments and fer­
tility levels (Table A19), indicate that AIITH, SILK, and PSSI were the 
plant traits having the more numerous significant correlations with other 
plant, ear, and grain traits. Significant, negative relationships were 
observed between these three plant traits and inbred ear and grain traits. 
The negative correlations with inbred YIELD suggest that, as more days 
were required for the lines to reach ANTE and SILK and the interval 
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"between dates increased, YIELD was adversely affected. PROT was also ob­
served to have a negative relationship with most inhred ear and grain 
traits. The highly significant, negative relationship with inbred YIELD 
indicates that lines with high PROT were low in grain yield. In general, 
ear and grain traits were significantly correlated with each other, with 
the exception of KW, which had little relationship with other traits. ED 
was the ear trait having the highest correlation with inbred YIELD (r = 
0.82). Correlations involving EL, KD, SP, and EPP with YIELD, however, 
were similar in magnitude. Correlations among the inbred traits at each 
fertility level for data combined over environments are presented in the 
Appendix in Tables A21, A22, A23, A2U, and A25. 
The data presented in Table 21 are intended to summarize the effect 
that nitrogen fertility had on the number of significant correlations 
among inbred plant, ear, and grain traits. Values in the column desig­
nated as combined are summarized from Table A19- Almost without excep­
tion, the greater number of significant correlations occurred at the 0 kg 
N/ha level. Correlations involving PLA were most adversely affected with 
increasing nitrogen levels, with the number of significant correlations 
dropping from six with 0 kg/ha to either zero or one at higher fertility 
rates. Other inbred traits that had substantially fewer significant cor­
relations at higher fertility rates were ANTE, SILK, EL, ED, SP, KW, EPP, 
and PROT. The number of significant correlations, however, did increase 
at the 2UÔ kg U/ha rate for SILK, PSSI, SP, KW, and PROT. 
Table 21 also presents data that compare differences among the five 
fertility levels with respect to the magnitude of the correlation 
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Table 21. Number of significant correlations for each- trait with other 
inbred plant, ear, and grain traits as calculated for each 
nitrogen level and combined for Experiment l8 
Nitrogen a-p-plied (kg/ha) 
Traits 0 60 120 iBo 240 Combij 
ANTH^ 8 (7)^ 4(1) 3(1) 5(0) 3(0) 5 
SILK^ 10 (6) 9(0) 7(1) 6(2) 9(1) 10 
P8SI* 8 (8) 5(0) 7(0) 5(1) 7(0) 9 
PLHT 1 (0) 1(0) 2(1) 1(1) 1(0) 1 
ERHT 1 (1) 2(0) 1(0) 2(1) 2(0) 2 
PLA 6 (6) 1(0) 0(0) 0(0) 1(0) 3 
TILLN 0 (0) 0(0) 1(1) 1(0) 0(0) 0 
EL 10 (9) 7(0) 7(2) 5(0) 5(0) 7 
ED 11(10) 9(0) 7(0) 9(1) 9(0) 9 
KD 10 (9) 8(0) 8(0) 6(0) 6(1) 9 
SP 11 (7) 9(0) 7(0) 8(1) 10(2) 9 
3 (2) 2(0) r\/ n\ / r, \ w \ / 3(1) 2 
EPP 10 (9) 8(0) 7(0) 6(0) 6(1) 9 
PROT 9 (9) 6(0) 2(0) 3(0) 6(1) a 
YIELD 9 (6) 8(2) 7(1) 8(0) 8(0) 9 
^Measured in one environment. 
^Values in parentheses indicate the number of correlations within 
that fertility level that had the highest correlation value across fer­
tility levels in this and all subsequent tables. 
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coefficient values. The values in the parentheses represent the number of 
correlations within that fertility level that had the highest correlation 
value across fertility levels. For example, the value of seven for MTH 
at 0 kg K/ha means that, of the eight significant correlations associated 
with this level, seven were higher than correlations obtained at the other 
four fertility levels. These data indicate that the highest and more 
numerous significant correlations were obtained at the 0 kg N/ha level. 
Inbred lines must not only combine well to produce single crosses, 
but they also need to yield well per se for purposes of seed production. 
As such, any method available to the plant breeder to aid in inbred selec­
tion during the inbreeding process would be useful. Data in Table 22 sum­
marize the correlations of inbred plant, ear, and grain traits with YIELD 
as influenced by nitrogen fertility. SILK and PSSI were the only inbred 
plant traits that showed a consistent significant relationship with YIELD 
across fertility levels. The negative estimates for SILK and PSSI may 
have been caused either by a lack of pollen in the late maturity lines or 
from lack of vigor by late maturing inbred lines (Jenkins, I929). KW was 
the only ear or grain trait that was not significantly correlated with 
inbred YIELD. The remaining ear and grain traits showed a significant, 
positive relationship with inbred YIELD, except PROT which was negatively 
correlated. In general, higher correlations were observed at the lower 
fertility rates for most traits that were significantly correlated with 
inbred YIELD. Correlation values for SILK and EPF with YIELD appeared to 
be only slightly affected by fertility levels. 
The preceding discussion was for data combined from three 
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Table 22. Simple correlation coefficients between lU plant, ear, and 
grain traits and YIELD for the Uo inbred lines from Experiment 
18, pooled over environments, as computed for each level of 
nitrogen fertilizer and combined 
Nitrogen applied (kg/ha) 
Traits 0 60 120 180 2U0 Combined 
MTH^ -0.37* -0.30t -0.27t -0.26 -0.22 -0.29* 
SILK^ -0.U8** -0.51** -O.I19** -0.55** -0.Î+7** -0.54** 
PSSI^ -0.5b** -O.L$** -O.U5** -0.53** -0.^2** -0.53** 
PLHT 0.13 0.19 0.23 0.22 0.19 0.20 
ERHT 0.11 0.19 0.20 0.15 0.22 0.18 
PLA -0.23 -0.17 -0.06 -.0.14 -0.23 -0.19 
TILLN 0.19 0.22 0.21 0.21 0.10 0.19 
EL 0.75** 0.73** 0.7k** 0.70** 0.60** 0.72** 
ED 0.80** 0.76** 0.79** 0.72** 0.67** 0.82** 
KD 0.81** 0.71** 0.73** 0.6k** 0.56** 0.75** 
SP 0.75** 0.77** 0.77** 0.65** 0.68** 0.76** 
KW 0.29t 0.06 0.09 0.10 0.16 0.13 
EPP 0.76** 0.78** 0.7^+** 0.73** 0.76** 0.76** 
PROT -0.61;** -0.56** -0.29t -0.U9** -0.32* -0.57** 
^Measured in one environment. 
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environments. The main effect of nitrogen fertilizer among these environ­
ments was greatly different as evidenced by the high nitrogen x environ­
ment interactions from the inbred combined analyses of variance (Table 8). 
The greatest response for inbred plant, ear, and grain traits to nitrogen 
fertilization was at Ames, 1978. Examination of correlation coefficients 
among the plant, ear, and grain traits for this environment thus seems 
warranted (Tables A26, A27, A28, A29, and A30). In agreement with results 
for data combined over environments (Tables A21, A22, A23, A2h, and A25), 
the higher correlations were generally observed at 0 kg N/ha. These data 
have been condensed in Table 23 to show the number of significant correla­
tions associated with each trait as affected by nitrogen fertilizer. Com­
paring Tables 21 and 23, several points of interest are noted. Firstly, 
the nimber of significant correlations was generally higher at the 0 kg 
N/ha level in the Ames, 1978 environment. Considering all inbred traits, 
there was a net increase of lU significant correlations. In no instance 
was the number of significant correlations for a given trait lever. Sec­
ondly, the reduction in the number of significant correlations at nitrogen 
levels ranging from 6O-I8O kg/ha was greater at the Ames, 1978 environ­
ment. Considering all inbred traits at nitrogen levels ranging from 6O-
180 kg/ha, there were k2 significant correlations in the combined data 
(Table 21) that were not present at Ames, 1978 (Table 23). The relation­
ship between PROT with the other inbred traits was most affected with the 
first increment of nitrogen fertilizer at Ames, 1978. There were 10 sig­
nificant correlations for PROT at the 0 kg N/ha, but no significant cor­
relations at 60 kg N/ha. PLA responded similarly to what was observed 
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Table 23. Number of significant correlations for each trait with other 
inhred plant, ear, and grain traits as calculated for each 
level of nitrogen for Experiment l8 at Ames 1978 
Nitrogen applied (kg/ha) 
Traits 0 6o 120 i80 2U0 
MTH^ 9 5 2 3 
SILK^ 10 8 7 6 9 
PSSI^ 10 T 3 6 8 
PLHT 1 1 1 1 1 
ERHT 3 2 1 1 1 
PLA 9 1 0 0 5 
TILLN 0 0 1 1 1 
EL 10 4 1| 2 6 
ED 12 6 8 5 10 
KD 11 T 5 U 9 
SP 11 8 7 6 10 
Kw 5 1  2 n  c y  
EPF 10 6 6 3 8 
PROT 10 0 1 2 \ 
YIELD 10 T 8 8 8 
"Measured in one environment. 
101 
in Table 21. Thirdly, the increase in the nWber of significant correla­
tions noted in Table 21 at 2Uo kg BT/ha was greater at Ames, 19T8 (Table 
23). Considering all inbred traits at 2k0 kg U/ha, there were 12 signif­
icant correlations at Ames, 1978 (Table 23) that were not present in the 
combined data (Table 21). 
The data from Ames, 19T8, presented in Table 2 k ,  summarizes the re­
lationship of inbred plant, ear, and grain traits with inbred YIELD. Sev­
eral relationships as affected by nitrogen fertility, most notably those 
involving ear and grain traits, deviate slightly from what was seen in 
Table 22. Eased on the Ames data, one would conclude that nitrogen ferti­
lizer had little affect on the magnitude of the correlation values for EL 
and ED. This is in contrast to what was observed when the data were com­
bined over environments (Table 22). On the other hand, the highest rela­
tionship between EPF and YIELD was at the 0 kg U/ha level (,r = 0.82). 
This is in contrast with what was observed in Table 22 where nitrogen 
fertility had little effect on the magnitude of the relationship between 
EPF and YIELD. The correlations for KD, SP, and PEGT with YIELD agree 
with those obtained over environments in that the higher correlations were 
observed at the lower fertility rates. This was demonstrated most clear­
ly by the effect nitrogen fertility had on the relationship of PEGT with 
YIELD (Table 2h). Generally, the correlation values involving ear and 
grain traits tended to be higher when the data were combined over environ­
ments. Correlations involving AJSTE, SILK, and PSSI were expected to be 
higher at Ames, 1978 because this was the only environment in which they 
were recorded. 
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Table 2 k .  Simple correlation coefficients between lU plant, ear, and 
grain traits and YIELD for the 40 inbred lines from Experiment 
18 at Ames 1978 as computed for each level of nitrogen fertili­
zer and combined 
Nitrogen applied (kg/ha) 
Traits 0 60 120 180 240 Combined 
AKTH®" -0.40* -0.30t -0.36* -0.27t -0.23 -0.31t 
SILK* -0.51+** -0.63** -0.52** -0.55** -0.59** -0.57** 
PSSI* -0.67** -0.64** -0.38* -0.51** -0.59** -0.56** 
PLHT 0.21 0.09 0.l4 0.26 0.21 0.18 
ERHT 0.19 0.12 0.19 0.26 0.24 0.20 
PLA -0.33* -0.24 -0.11 -0.06 -0.33* -0.21 
TILLN 0.21 0.18 0.24 0.23 0.28t 0.23 
EL 0.84** 0.71** 0.76** 0.37* 0.78** 0.69** 
ED 0.68** 0.63** 0.68** 0.69** 0.66** 0.67** 
KD 0.71** 0.57** 0.60** 0.47** 0.48** 0.57** 
BP 0.72** 0.62** 0.59** 0.45** 0.61** 0.60** 
KW 0.22 -0.06 0.01 0.09 0.27t 0.11 
EPP 0.82** 0.70** 0.67** 0.53** 0.69** 0.68** 
PROT -0.56** -0.20 -0.11 -0.34* -0.12 -0.27t 
^Measured in one environment. 
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My results are in general agreement with those obtained by Obilana 
and Hallauer (1977) for traits common in our experiments. They obtained 
correlation values of -0.b6, 0.55» 0.52, and 0.66 for SILK, EL, ED, and 
KD, respectively, with inbred YIELD. Although my correlations involving 
EL and ED were higher, both sets of data indicate that a relationship vas 
present for these traits with inbred YIELD. Our results also agree that 
inbred PLHT and ERHT have little relationship with inbred YIELD. Their 
correlations for these two traits were 0.07 and 0,02, respectively. 
data indicate that nitrogen fertility did not substantially affect the 
magnitude of correlations for inbred plant, ear, and grain traits with 
inbred YIELD. Because YIELD is of final importance, a moderate level of 
nitrogen fertilizer should be adequate for development of inbred lines. 
Simple correlation coefficients among single-cross plant, ear, and 
grain traits The simple and genotypic correlation coefficients among 
the 15 single-cross plant, ear, and grain traits calculated for data com­
bined over environments and nitrogen levels are presented in the Appendix 
in Tables A31 and A32, respectively. In general, the agreement between 
the two estimates was less than with inbred traits. This indicated that 
the factors causing such disagreement, as given in the inbred discussion, 
were more important with the single-cross traits. The number of signifi­
cant correlations among single-cross plant, ear, and grain traits combined 
over environments and fertility levels (Table A31) was greatly reduced 
compared with the inbred data (Table A19). Single-cross YIELD was signif­
icantly correlated with PLHT and TILLN (r = 0.U6). The positive correla­
tions with TILLN is interesting because it indicates higher TILLN is 
lOU 
associated with higher YIELD. Normally, selection is against tillers on 
inbred lines "because of problems involved with pollen control in seed pro­
duction fields. EL was the only ear or grain trait found to have a posi­
tive, significant relationship with single-cross YIELD (r = 0.5I). Cor­
relations among the single-cross traits at each fertility level combined 
over environments, are presented in the Appendix in Tables A33, A3^, A35, 
A36, and A37. 
The number of significant correlations among the various single-cross 
plant, ear, and grain traits (Table 25) was greatly reduced compared with 
correlations among inbred traits (Tables 21 and 23). The single crosses 
had only a few more significant correlations at lower fertility levels. 
The number of significant correlations for single-cross traits with 
YIELD (Table 26) was much reduced when compared with the inbred data 
(Table 22). EL was the only trait that had a significant relationship 
with YIELD for all fertility levels. The correlations for YIELD with EL 
were slightly higher at the tvo lover fertility levels compared with high­
er fertility levels. The differences between the correlations, however, 
were not of a great enough magnitude to conclude that a certain fertility 
level resulted in a better relationship. Correlations involving PLHT and 
TILLN with YIELD appeared to react somewhat similarly. For both traits, 
a significant relationship was obtained at the 60 kg N/ha level. Addi­
tionally, PLHT was significantly correlated with YIELD at 120 kg U/ha and 
TILLN approached significance. 
Based on these data, EL seems to be the single-cross trait having 
the best relationship with single-cross YIELD. This observation was in 
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Table 25. Number of significant correlations for each trait with other 
single-cross plant, ear, and grain traits as calculated for 
each, nitrogen level and combined for Experiment l8 
Nitrogen applied (kg/ha) 
Traits 0 60 120 180 2U0 Combir 
MTH 1(0) 1(1) 2(1) 1(0) 0(0) 1 
SILK 4(2) U(2) 1(0) 2(0) 2(1) 3 
PSSI 3(1) 3(1) 1(0) 1(0) 1(1) 1 
PLHT 1(0) 2(1) 3(1) 2(1) 2(0) 2 
ERHT 1(0) 1(0) 1(0) 1(1) 1(0) 1 
PLA 0(0) 1(0) 1(0) 1(1) 1(0) 1 
TILLN 0(0) 1(1) 1(0) 0(0) 0(0) 1 
EL 1(1) 3(2) 2(0) 1(0) 2(0) 2 
ED k(3) U(2) 1(0) 2(0) 1(0) 3 
KD 3(2) 3(2) 1(0) 1(0) 2(0) 2 
SP 0(0) 2(1) 0(0) 2(1) 0(0) 1 
Of 2(2) 0(0) 2(l) 0(0) 1(0) 0 
EPP 1(0) 1(0) 0(0) 1(1) 2(1) 1 
PROT 1(1) 0(0) 0(0) 0(0) 0(0) 0 
YIELD 1(1) 3(2) 2(0) 1(0) 1(0) 3 
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Table 26. Simple correlation coefficients between lU plant, ear, and 
grain traits and YIELD for ttie 20 single crosses from Experi­
ment l8 as computed for each level of nitrogen fertilizer and 
combined 
nitrogen applied (kg/ha) 
Traits 0 60 120 l80 2it0 Combined 
MTH -0.20 -0.18 0.03 -0.21 -0.28 -0.22 
SILK -0.16 -0.23 0.06 -0.28 -0.02 -0.19 
PSSI -0.08 -0.11+ 0.05 -0.16 0.06 -0.03 
PLHT 0.35 o.uu* 0.4k* 0.37 0.42t 0.46* 
ERHT -0.11 -0.12 0.11+ 0.04 0.01 -0.01 
PLA -0.21 -0.29 0.01 0.00 0.22 -0.08 
TILLN 0.39t 0.59** O.U2t 0.33 0.29 0.46* 
EL o.6o** 0.56** 0.53* 0.50* 0.53* 0.51* 
ED 0.32 O.OU 0.22 0.21+ 0.17 0.11 
KD 0.22 0.00 0.30 0.12 0.19 0.05 
SP 0.37 0.35 0.30 0.21 0.1+lt 0.26 
KW 0.00 0.16 0.38t 0.36 0.26 0.22 
EPP 0.09 0.18 -0.11 0.05 0.00 -0.12 
PROT -0.20 -0.19 0.23 -0.34 -0.37 -0.24 
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agreement with the findings of Silva and Hallauer (1975) in which correla­
tions were obtained for l60 hybrids derived from BSSS.- They obtained a 
correlation of r = O.58 between EL and YIELD. îfy data, however, do not 
agree closely when other correlations between single-cross traits and 
YIELD were compared. For example, Silva and Hallauer (1975) obtained es­
timates of r = O.U9, r = 0.40, and r = 0.2k for ED, KD, and ERHT, respec­
tively, with YIELD. Viy correlations were substantially lower than these. 
Conversely, my correlations involving PLHT were higher than theirs (r = 
0.26). It is also worth noting the absence of a significant relationship 
between PROT and YIELD for which a significant, negative relationship is 
usually observed. There have been reported instances, however, where a 
nonsignificant relationship was found (Woodworth and Jugenheimer, 19^8; 
Pollmer et al., 1978b). 
Simple correlation coefficients between inbred and single-cross 
plant, ear, and grain traits All correlations between inbred and 
single-cross traits to be presented vers obtained by correlating the 
single-cross trait with the mean of its two parental inbred lines at fer­
tility levels common to both. Correlation coefficients were also calcu­
lated by correlating each inbred line per se with the single cross in 
which it was present as one of the parents. In general, these correla­
tions were smaller than when the mean for the inbreds was used. Due to 
a greater number of degrees of freedom for the latter method, however, 
the level of significance between the two procedures was usually the same. 
To avoid repetition, therefore, only the results from the first procedure 
will be presented and discussed. 
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The correlation coefficients for all paired comparisons, inbred ver­
sus single cross, among 15 plant, ear, and grain traits, combined over 
environments and nitrogen fertility levels, are presented in the Appendix 
in Table A38. The expression of ANTH, PLHT, ERHT, PLA, TILLN, ED, KD, KW, 
EPF, and PROT in the inbred parents gave a fairly good indication of the 
expression of the same traits in their hybrid progenies. The highest cor­
relation was between inbred and hybrid PLHT (r = 0.9^). The correlation 
between inbred and hybrid PROT (r = 0.46) indicated that PROT of a single 
cross could be predicted reasonably well from the mean PROT of the two 
parents. The correlation I obtained for this relationship was less than 
correlations obtained by W. A. Russell and W. H. Pierre (personal communi­
cation) in two separate experiments (r = 0.84 and r = 0.65). The lack of 
genetic variation among single crosses for PROT (Table lU) could explain 
the lower correlation that I obtained. No significant correlations were 
obtained between inbred traits and single-cross YIELD. Inbred TILLN, how­
ever, approached significance. In general, most correlations between in­
bred traits and single-cross YIELD, although not significant, were positive 
indicating that the more vigorous inbred lines produced the higher yield­
ing single crosses. 
Correlations combined over environments for each fertility level are 
presented in the Appendix in Tables A39, AkO, AUI, AU2, and AUS. The 
data presented in Table 27 lists the number of significant correlations 
obtained between inbred traits and single-cross traits (i.e., inbred AHTK 
was significantly correlated with three single-cross traits at 0 kg N/ha). 
There was some evidence that a greater number of significant correlations 
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Table 27. Number of significant correlations between inbred and single-
cross traits as calculated for each nitrogen level and com­
bined for Experiment l8 
Inbred 
traits 
Nitrogen applied (kg/ha) 
Combined 0 60 120 180 2U0 
MTH^ 3(2) 2(1) 0(0) 1(0) 1(1) 1 
SILK^ 6(6) 1(0) 1(0) 0(0) 0(0) 2 
PSSI^ 5(3) 1(1) 2(1) 0(0) 2(2) 2 
PLHT 2(0) 2(0) 2(0) 2(2) 2(0) 2 
ERHT 3(1) 2(1) 2(0) 2(1) 2(0) 2 
PLA 5(3) 2(1) 1(0) 2(1) 1(0) 2 
TILLN 1(0) 2(1) 1(0) 1(1) 1(0) 1 
EL 2(1) 2(1) 0(0) 3(1) h i l )  3 
ED 4(3) MM 1(0) 2(0) 1(0) 2 
KD 1(1) 5(5) 3(0) 2(0) 1(0) 3 
SP 3(3) 1(1) 0(0) 1(1) 0(0) 0 
KW 2(1) 1(1) 2(2) 1(1) 1(0} 2  
EPP 2(1) 2(0) 0(0) 2(0) k(3) 2 
PROT 1(1) 1(1) 0(0) 0(0) 1(1) 1 
YIELD 2(1) 2(2) 0(0) 1(1) 0(0) 2 
Measured in one environment. 
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between inbred and single-cross traits occurred at either the 0 or 60 
kg/ha level than at the higher nitrogen levels. The best example of this 
would be the correlations involving inbred SILK. Inbred SILK was corre­
lated with six single-cross traits at 0 kg/ha, but the number of signifi­
cant correlations was reduced drastically with the addition of nitrogen 
fertilizer (Table 27). Correlations including inbred MTH, PSSI, PLA, ED, 
and SP responded in a somewhat similar manner. Fertility level, however, 
had no consistent effect on the number of significant correlations between 
inbred PLHT, ERHT, TILLN, EL, KD, KW, EPP, PROT, and YIELD with single-
cross plant, ear, and grain traits (Table 27). Comparing the number of 
significant correlations for inbred plant traits with ear and grain traits 
indicated that addition of nitrogen fertilizer reduced the number of sig­
nificant correlations proportionally more for the plant traits. The num­
bers of significant correlations associated with inbred plant traits were 
25, 12, 9, 8, and 9 at fertility levels 0 through 2h0 kg N/ha, respective­
ly, whereas the numbers of significant correlations associated with inbred 
ear and grain traits were IT, l8, 6, 12, and 12 at fertility levels 0 
through 2h0 kg N/ha, respectively. An exception was observed at the 120 
kg N/ha level. 
Examination of Tables A39-AU3 also indicates that the relative dis­
tribution in the number of significant correlations changed with fertili­
ty. At 0 and 60 kg N/ha, the distribution of significant correlations be­
tween inbred plant and single-cross plant, ear, and grain traits was es­
sentially equal. At higher fertility levels, however, inbred plant traits 
tended to be significantly correlated only with single-cross plant traits. 
Ill 
A different relationship was oberved when the distribution in the number 
of significant correlations for inbred ear and grain traits with single-
cross traits was examined. At 0 kg N/ha, inbred ear and grain traits were 
significantly correlated slightly more with single-cross ear and grain 
traits than with single-cross plant traits. Nitrogen levels 60-I80 kg/ha 
resulted in about equal distributions in the number of significant corre­
lations. At 2k0 kg N/ha, however, inbred ear and grain traits were sig­
nificantly correlated more with single-cross ear and grain traits. 
The correlation coefficients between inbred plant, ear, and grain 
traits and the same trait in their respective single cross as influenced 
by nitrogen fertility are summarized in Table 28. Very high correlations 
were obtained for PLHT, ERHT, and TILLN, with most correlations exceeding 
r = 0.80. Other inbred traits that had a fairly high relationship with 
the same trait in the single cross at all nitrogen levels were PLA and ED. 
KW and EPF were also significantly correlated at all fertility levels ex­
cept at the intermediate level. KD vas significantly correlated from 60-
180 kg N/ha, but was not significant at the lowest and highest level. 
SILK and PSSI had significant correlations at 0 kg N/ha, but had nonsig­
nificant values at other levels. The relationship between inbred and 
single-cross ANTH seems to have been diminished mainly at the 2h0 kg N/ha. 
SP, PROT, and YIELD were nonsignificant at all fertility levels. The cor­
relation coefficient for PROT was significant, however, if the data were 
combined over fertility levels (Table A38). In general, nitrogen ferti­
lization does not seem to have had much effect on the correlation values. 
The exceptions would be for SILK and PSSI where the only significant 
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Table 28. Simple correlation coefficients between the means of 15 plant, 
ear, and grain traits of the Uo inbred parents and their 20 
single crosses as computed for each level of nitrogen fertili­
zer and combined for Experiment l8 
Nitrogen applied (kg/ha) 
Traits 0 60 120 180 2i*0 Combined 
MTH 0.U5* 0.57** 0.3k O.U5* 0.26 0.52* 
SILK O.él** 0.11 -0.03 0.15 0.06 0.26 
PSSI 0.60** 0.21+ 0.33 0,22 -0.09 0.19 
PLHT 0.88** 0.93** 0.92** 0.9k** 0.91** 0.94** 
ERHT 0.82** 0.79** 0.83** 0.93** 0.84** 0.88** 
PLA 0-58** 0.6U** 0.6U** 0.63** 0.64** 0.65** 
TILLK 0.76** 0.88** 0.87** 0.91** 0.82** 0.88** 
EL 0.25 0.14 0.21 0.25 0.02 0.16 
ED 0.58** 0.70** 0.55* 0.62** 0.51* 0.63** 
KD 0.26 0.6U** 0.60** 0.45* 0.4lt 0.53* 
SP 0.25 0.17 -0.01 
CM 0 
0
 1 0.17 0.l4 
KW 0.U8* 0.50* 0.30 0.62** 0.51* 0.52* 
EPP 0.69** 0.56** 0.17 0.62** 0.62** 0.72** 
PROT 0.15 0.2U 0.23 0.12 0.21 0.46* 
YIELD 0.19 0.25 0.32 0.09 0.12 0.21 
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correlations were obtained at 0 kg N/ha. 
At this time, it seems appropriate to compare my results between 
traits common to inbreds and single crosses with the results found by 
Gama and Hallauer (1977). In their study, l60 unselected inbred lines 
from BSSS were crossed by using a Design II mating scheme to produce 320 
single crosses. The matings were performed in a manner that gave 20 sets 
with l6 single crosses per set. Correlations were then performed between 
the means of the parental inbred lines with their respective single cross 
within each set and combined over sets. 
There are wide and substantial differences for some of the traits 
which were common in our two experiments. I obtained highly significant 
(O.Ol) or significant (0.05) correlations for inbred PLHT, EEHT, ED, and 
KD (Table 28) with the same trait in the single cross. Correlations ob­
tained by Gama and Hallauer (1977) as combined over sets for PLHT, ERHT, 
ED, and KD were 0.07,"0.17, -0.02, and 0.05, respectively. The correla­
tions they obtained within sets also do not agree with vsy results because 
these correlations often had significant negative values. Our results 
for these traits agree more closely when their correlations were obtained 
between the inbred parent per se with the mean for the single crosses 
which had that parent in common. In these instances, their correlations 
combined over sets were positive and significant, although substantially 
smaller than the correlations I have obtained. Correlations within sets, 
however, were often similar to mine. Three other traits, SILK, EL, and 
YIELD, were also common for our two experiments. Although Gama and Hal­
lauer obtained significant correlations for YIELD and SILK, r = 0.11 and 
Il4 
r = 0.28, respectively, our results indicate that the relationship between 
inbreds and single crosses for these traits was small. 
One objective of this study was to determine the effect nitrogen fer­
tilizer had upon the correlation of inbred plant, ear, and grain traits 
with single-cross YIELD. These data, as summarized from Tables A39-AU3, 
are presented in Table 29. These correlations indicate the degree to 
which these traits in the inbred lines influenced the YIELD of the single 
crosses. Based on the data in Table 29, one would conclude that the in­
bred plant, ear, and grain traits that I measured had little influence on 
single-cross yield regardless of what fertility level was used. A signif­
icant correlation was obtained in one instance for TILLN and KD, but this 
could have been due simply to random deviations. Random deviation seems 
likely for KD at 2h0 kg N/ha where r = 0.59 because this correlation was 
greatly different from those obtained at the other fertility levels. 
Most correlations, although not significant, were positive suggesting that 
the more vigorous lines produced the higher yielding crosses. Correla­
tions between inbred and single-cross traits were also performed for the 
Ames, 1978 environment. Correlations between common traits and between 
inbred traits with single-cross YIELD are summarized in the Appendix in 
Tables Ahh and Al+5, respectively. This environment, although having the 
best response to nitrogen fertilizer, resulted in correlations similar 
to the data combined over environments (Tables 28 and 29). 
The lack of relationship between inbred plant, ear, and grain traits 
with single-cross YIELD was not surprising based on data obtained for cor­
relations between single-cross traits with YIELD (Table 26) and 
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Table 29- Simple correlation coefficients between the means of 15 plant, 
ear, and grain traits of the UO inbred parents and the YIELD 
of their single crosses as computed for each level of nitrogen 
fertilizer and combined for Experiment l8 
Nitrogen applied (kg/ha) 
Traits 0 60 120 IBO 2k0 Combinée 
MTH 0.05 0.07 -0.02 -0.0k 0.16 0.10 
SILK -0.k2f 0.00 -0.03 0.11 0.08 0.05 
PSSI -0.02 -0.06 -0.02 0.19 —0.05 O.lk 
PLHT 0.08 0.38t 0.33 0.16 0.31 0.31 
ERHT -0.25 0.03 0.10 0.01 0.20 0-06 
PLA -0.36 -0.02 0.20 -0.0k 0.28 0.06 
TILLN 0.35 0.50* 0.35 0.27 0.2k 0,39t 
EL 0.20 0.23 0.30 0.19 -0.16 0.17 
ED 0.l6 0.13 0.20 0.15 O.klt 0.19 
KD 0.09 0.07 0.20 -0.01 0.59** 0.15 
SP O.lk 0.20 0.3k 0.29 0.38t 0.29 
KW -0.25 -0.13 -0.08 0.13 0.2k -0.03 
EPF 0.20 0.2k 0.31 0.06 0.10 0.16 
PROT -0.10 -0.2b -0.20 o.o6 -O.lk -0.21 
YIELD 0.19 0.25 0.32 0.09 0.12 0.20 
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correlations between inbred and single-cross traits (Table 28). The only 
single-cross ear trait correlated with YIELD was EL (Table 26). The cor­
relation between inbred and single-cross EL, however was not significant 
(Table 28). Evidently, the measurement of this trait in inbreds has 
little significance in the expression of YIELD in single crosses, an ob­
servation supported by the results of Gama and Hallauer (1977)- Other 
researchers have noted significant correlations between certain inbred 
traits with single-cross YIELD (Nilsson-Leissner, 1927; Jenkins, 1929; 
Russell and Machado, 1978). The genetic material used in my study and 
the study by Gama and Hallauer (1977) was derived from BSSS, but the ge­
netic materials used in these other studies were not related to BSSS. 
This seems to suggest that relationships between inbred traits and single-
cross YIELD could vary depending on the genetic material being investigat­
ed. 
Multiple correlation coefficients 
Multiple correlations (R) were computed between the single-cross 
YIELD and the combined effects of the inbred traits. In all comparisons, 
single-cross YIELD was treated as the dependent variable and inbred traits 
as the independent variable. PROT was not included in these correlations. 
Caution should be employed in interpretation of these multiple correla­
tion coefficients because high estimates for R should be expected when 
the number of independent traits (lU) approaches the number of entries 
(20). Therefore, by correlating the combined effects of lU inbred traits 
with only 20 single crosses, a large proportion of the variation for 
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single-cross YIELD would have been accounted for. The R-values would 
probably be lower if more single crosses had been available. An evalua­
tion of general relationships between inbred traits and single-cross 
YIELD as affected by nitrogen fertility, however, should be possible. 
Multiple correlation values (R) between l4 inbred traits and single-
cross YIELD, as computed for each nitrogen level and combined over envi­
ronments, are presented in Table 30. The highest R-values were obtained 
when single-cross YIELD was correlated with all lU inbred traits, and the 
highest R-value was obtained when single-cross YIELD was correlated with 
all inbred traits at 0 kg N/ha. R-values for all inbred traits with YIELD 
became smaller as nitrogen fertility increased from 6O-I8O kg/ha. The R-
value with all inbred traits increased again at 2k0 kg/ha to approximately 
the value obtained at the lowest nitrogen level. 
There seems to be an inverse relationship with respect to plant ver­
sus ear and grain traits to single-cross YIELD with addition of nitrogen 
fertilizer. The R-values for plant traits decreased from a high R-value 
(R = 0.87) at 0 kg N/ha to a low of R = O.Ul at I80 kg 13/ha. At 2U0 kg 
W/ha, the R-value increased again to approximately the value obtained at 
120 kg N/ha. Conversely, the R-values for ear and grain traits retained 
relatively the same values from 0-I80 kg N/ha. At I80 kg/ha, the R-value 
for ear and grain traits was slightly higher than the value obtained for 
inbred plant traits at this nitrogen level. At 2^0 kg N/ha, the R-value 
for ear and grain traits increased substantially compared with values ob­
tained at lower fertility levels. In addition, at this fertility level, 
the inbred ear and grain traits were more important than the plant traits 
Il8 
Table 30. Multiple correlation coefficients between the means of inbred 
traits and the YIELD of their single cross as computed for 
each nitrogen level and combined over environments for Experi­
ment 18 
Traits^ 
correlated 
Nitrogen applied (kg/ha) 
0 60 120 180 2i+0 Combined 
vs 1-lk 0.9% 0.80 0.72 0.70 0.88 0.76 
R^^ vs 1-7 0.87 0.71 0.57 o.kl 0.51 0.73 
R^^ vs 8-lb 0 . h 2  0.28 O.kO 0.1I7 0.69 0.52 
^ey to traits: 15 = single cross YIELD, 1 = MTH, 2 = SILK, 
3 = PSSI, k = PLHT, 5 = ERHT, 6 = PLA, T = TILLU, 8 = EL, 9 = ED, 10 = KD, 
11 = SP, 13 = EPP, li+ = inbred YIELD, 
Table 31. Multiple correlation coefficients between the means of inbred 
traits and the YIELD of their single cross as computed for each 
nitrogen level at Ames 1978 for Experiment 18 
Traits^ 
correlated 
Nitrogen applied (kg/ha) 
Combined 0 60 120 180 21+0 
R^^ vs 1-lU 0.85 0.80 0.75 0.73 0.95 0.79 
R^^ vs 1-7 0.66 0.71 0.52 0.36 0 .h2  0.53 
R^^ vs 8-l4 0.4k o.ui 0.U5 0.59 0.65 0.50 
^ey to traits: 15 = single cross YIELD. 1 = AKTH. 2 = SILK, 
3 = PSSI, k = PLHT, 5 = ERHT, 6 = PLA, T = TILLN, 8 = EL, 9 = ED, 10 = KD, 
11 = SP, 13 = EPP, lU = inbred YIELD. 
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to the YIELD of the single crosses. 
These data indicate that the best relationship for all the inbred ear 
and grain traits vith single-cross YIELD was obtained after maximum YIELD 
for the single crosses was realized (Figure 1). In fact, the best rela­
tionship occurred when YIELD for the single crosses was actually reduced 
with addition of nitrogen fertilizer in excess of the amount needed for 
maximum YIELD (Figure l). Conversely, the highest R-values obtained with 
inbred plant traits were at nitrogen levels below the amount needed to 
obtain maximxim YIELD. 
The R-values for the Ames, 19T8 environment are presented in Table 
31. In general, these correlations follow the same trends for the data 
combined over environments, with one important exception. This is the 
R-value for the inbred plant traits at 0 kg N/ha, which was lower than 
for the data combined over environments (Table 30). The possible impli­
cations of this deviation will be discussed at a later time. 
General discussion for Experiment l8 
One objective of my study was to determine the effects of nitrogen 
fertilizer on the relationship among inbred and single-cross plant, ear, 
and grain traits and between inbred and hybrid performance. Several 
studies relating inbred traits with single-cross traits have been pub­
lished over the years since experiments were started with hybrid maize. 
I found none in the literature, however, that studied the effects of dif­
ferent nitrogen fertilizer levels on this relationship. The relationships 
among inbred characters in this study were similar to those reported for 
other previous studies. îty results indicate that these relationships may 
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be enhanced, in some instances, if evaluations were conducted at nitrogen 
fertility levels which imposed a nitrogen deficiency. Inflated estimates 
of correlation coefficients among some inbred traits at 0 kg N/ha may have 
occurred because of peculiar distributions. It would not take very many 
real low values to inflate the correlation coefficient value. For exam­
ple, inbred lines that were not very vigorous could have been partially 
barren at low fertility levels. Low values for EPF in a few lines would 
be reflected in the correlation values involving this ear trait. Nitro­
gen fertilizer was observed to have a much smaller effect on the correla­
tions among single-cross traits than among inbred traits, and had essen­
tially no effect when single-cross traits were correlated with YIELD. 
Simple correlations between inbred and single-cross traits indicated that, 
for some traits, the expression in the inbred line was a good indicator 
for the same trait in the single cross. Effect of nitrogen fertility on 
the magnitude of these correlations seemed to be minor, results agreed 
with those of Gama and Kallauer (19TT) in that single-cross YIELD cannot 
be predicted from individual inbred plant, ear, or grain traits in BSSS. 
The multiple correlation (R) values for all inbred traits with sin­
gle-cross YIELD at either 120 or I80 kg N/ha were similar to R-values re­
ported by Hayes and Johnson (1939) and Russell and Machado (1978). In 
general, my correlations decreased with addition of nitrogen fertilizer 
until after maximum YIELD was obtained. Previous work by researchers had 
indicated that inbred ear and grain traits contribute more to single-cross 
YIELD than do inbred plant traits (Gama and Hallauer, 1977; Russell and 
Machado, 1978). My results agreed with these reports if the genetic 
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material was grown at fertility levels that were adequate to attain maxi­
mum YIELD in the single crosses. Inbred plant traits were observed to 
contribute more to single-cross YIELD at fertility levels below the maxi­
mum. The highest R-value obtained for any of the comparisons in the com­
bined data showed that the lU plant, ear, and grain traits of the inbred 
parents at 0 kg N/ha accounted for 88% of the variability for YIELD among 
the hybrid progenies (Table 30). Surprisingly, inbred plant traits ac­
counted for of the variability for single-cross YIELD at 0 kg N/ha. 
This was considered unusual because simple correlations between inbred 
plant traits and hybrid YIELD were not significant at 0 kg N/ha (.Table 
29). Evidently, the variability for YIELD among single crosses combined 
over environments at 0 kg N/ha was largely accounted for by inbred plant 
traits. At the Ames, 1978 environment (Table 31), however, only hh% of 
the variability was accounted for by inbred plant traits at 0 kg N/ha. 
Additionally, the R-values I obtained are probably inflated because only 
20 single crosses were evaluated. Caution should be employed, therefore, 
before reaching the conclusion that variability among hybrid YIELD at 0 
kg N/ha can be accounted for adequately by measurement of inbred plant 
traits. 
The maize breeder does not normally conduct a detailed evaluation of 
the inbred lines. Evaluations are generally visual among inbred rows 
and for individual plants within the rows. The maize breeder must, 
therefore, consider the total phenotype in the development of inbred 
lines. The relationships among inbred traits, thus, are an important 
consideration. Significant, simple correlation coefficients among the 
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inbred traits were found to be more numerous and of a higher magnitude at 
the lower fertility levels- These estimates could be inflated, however, 
because of peculiar distributions. data indicated that relationships 
among inbred traits increased again at the highest fertility level used 
in this study (2^0 kg N/ha), but the number and magnitude of these corre­
lations were often less than when compared with correlations at 0 kg K/ha. 
Correlations between inbred traits and inbred YIELD, however, were only 
slightly affected by nitrogen fertilization. As such, development of high 
yielding lines should be possible at moderate nitrogen fertility levels. 
Coefficients of multiple correlations also indicated that variability 
among hybrid YIELD at 0 or 2k0 kg N/ha may be better accounted for by con­
sidering the total phenotype of the inbred lines. As such, the probabili­
ty of obtaining inbred lines with above-average combining ability should 
be increased. R-values could also be inflated at 0 kg N/ha for the same 
reasons given for relationships among inbred traits. Because of the pos­
sibility of inflated H-values and maintenance of adequate seed, I doubt 
if maize breeders would seriously consider evaluation of inbred lines in 
a nitrogen-deficient environment. Regardless of the fertility level, 
evaluation of testcrosses would still be needed because visual selection 
alone would not be adequate to determine which lines should be continued. 
Significant genotype x nitrogen interactions suggest that final evaluation 
of inbred lines per se and single-cross hybrids needs to be conducted at 
nitrogen levels that maximize grain yield. 
My data pertaining to efficiency of nitrogen utilization among in­
bred lines and their hybrid progenies also seem to suggest that evaluation 
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of inbred, material in an environment with optimum nitrogen would increase 
the probability of obtaining nitrogen-efficient hybrid progeny for grain 
yield, even in the absence of a significant relationship between inbred 
and hybrid grain yield. Data presented in Figures 2 and 3 indicate that 
evaluation of inbred material in a nitrogen-deficient environment would 
not allow selection of the more efficient genotype because of a high geno­
type X nitrogen interaction. Predicting efficiency of nitrogen utiliza­
tion for hybrid material based on inbred performance, however, would have 
been ineffective because of nonsignificant correlation coefficient values. 
Pierre et al. (l9T7a,b) have recently indicated that the nitrogen 
percentage of hybrid maize grain at maximum yield may serve as a useful 
supplementary guide in nitrogen-sufficiency diagnoses. Differences among 
hybrids in percent nitrogen at maximum yield would require obtaining 
values for each hybrid before the nitrogen content of maize grain could 
be used effectively in nitrogen-sufficiency diagnosis. If gene action af­
fecting nitrogen, content is largely additive, it should be possible to 
predict values for hybrids from inbred parental data. W. A. Russell and 
W. H. Pierre (1979) and Pollmer et al. (1978a) have recently suggest­
ed that additive gene action is primarily responsible for variation of 
nitrogen content among hybrids. For efficient prediction, not only should 
gene action be additive, but the percent nitrogen of inbred lines at max­
imum yield must be estimated. This would require growing inbred lines un­
der different nitrogen regimes and then obtaining precise estimates for 
grain yield and percent nitrogen of the grain at maximum yield. Further­
more, the material would need to be grown in several environments if 
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environmental effects are substantial. 
A preliminary objective for Experiment l8 was to investigate the per­
cent nitrogen at maximum yield for inbreds and hybrids and to determine if 
the critical nitrogen percentage of inbred parents could predict the same 
in their hybrid progenies. Environmental effects were of such a magni­
tude, however, that little response of inbred grain yield to nitrogen fer­
tilization occurred. The Ames, 1978 environment was the only location 
where a substantial response of inbred grain yield to nitrogen fertiliza­
tion was seen. Unfortunately, a high frequency of damaged kernels were 
present at this location because of feeding by European corn borers. 
Also, many ears were not fully pollinated resulting in above-average seed 
size in some instances. This could result in luxury consumption of nitro­
gen resulting in higher than normal values for nitrogen percentage. In 
addition, only two replications were used for protein analyses because of 
financial reasons. The single-cross material, although responding to ni­
trogen fertilization, had fairly low variation among genotypes for protein 
percentage. Precise and accurate experimentation is required to study 
the relationships both among and between percent nitrogen at maximum 
grain yield for inbreds and their hybrid progenies. For the reasons 
given, I believe my material was not of the precision required to obtain 
the needed estimates. There are several general comparisons, however, 
which can be made between my study and results from other researchers. 
W. A. Bussell and W. H. Pierre (1979) obtained correlations of 
0.8k and 0.65 between hybrids and the means of the two parents 
for nitrogen content in two separate experiments. By comparing 
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correlations for percent nitrogen of the hybrids with, percent nitrogen of 
the high and low parents, they concluded that additive gene action ac­
counted for a large portion of variability in nitrogen content among hy­
brids. I obtained a correlation of 0.46 between inbred and hybrid percent 
nitrogen when the data were combined over environments and fertility lev­
els. No relationship was seen, however, when correlations were obtained 
at each fertility level (Tables A38-A43). The lack of variation for PROT 
in the single-cross material could account for the lack of relationship. 
Approximate estimates can be obtained from my study with respect to 
percent nitrogen in the grain at maximum grain yield for the inbred and 
hybrid material. Maximum grain yields, averaged over entries, for the in-
breds were observed approximately at 0, 0, and 120 kg N/ha for the com­
bined, Ankeny 1976, and Ames 1978 data, respectively (Tables 9, A3 andAU). 
Percent nitrogen (^K = PROT/6.25) at these respective fertility levels 
and environments were 1.68, 1.78, and 1.87. estimates for the Ankeny, 
1976 and AmeS) 1978 environments were in close agreement with the estimate 
of 1.80 obtained by W. A. Russell and W. H. Pierre (l979)- Maximum 
grain yields, averaged over entries, for the single crosses were 
obtained approximately at 120, 120, and 18O kg H/ha for the combined 
Ankeny 1976, and Ames 1978 data, respectively (Tables 15, All, and A12). 
Percent nitrogen at these respective fertility levels and environments 
were 1.^7, 1.58, and I.50. Estimates obtained by W. A. Russell and W. H. 
Pierre (1979) for two experiments were 1.53 and 1.63%. The latter 
estimate was suggested as being inflated because evidence for 
luxury consumption of nitrogen existed. Pierre et al. (1977a5b) in 
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six experiments in Iowa involving 13 site-years, deterrained the average 
nitrogen content of the grain at maximum yield was 1.3^%- data, al­
though influenced substantially by environmental effects, does seem to 
support other results in that percent nitrogen in the grain for inbreds 
and hybrids at maximum yield are approximately 1.80 and 1.50^, respectively. 
Experiment 20 
Means for Experiment 20 are presented in the Appendix as follows; 
(l) means for the main effect of nitrogen for each environment pooled 
over entries (Tables AUD, AUY, AU8, and AKG), and (2) means for each en­
vironment as pooled over entries and fertility levels (Table A50). The 
combined analyses of variance and the analyses of variance for each en­
vironment for the split-plot design are presented in Table 32 and in the 
Appendix in Tables A51, A52, A53, and A5^, respectively. Means for in­
bred plant, ear, and grain traits pooled over environments and entries 
are presented in Table 33. 
The main effect of nitrogen fertilizer was significant in the com­
bined analyses (Table 32) for SILK, ERHT, EL, ED, YIELD, and PEOT. Cer­
tain components of the main effect of nitrogen were also significant for 
ANTH, PLHT, and EPF even though the main effect was not significant. In 
general, check vs others and sources of variation caused by differences 
in linear response [preplant linear (P^) and preplant-sidedress linear 
(PSg^) ] accounted for most of the variation. The preplant vs preplant-
sidedress (P vs PS) source of variation was one of the major components 
of interest for these analyses. Significant F-tests for this source of 
Table 32. Combined analyses of variance for Experiment 20 
Mean squares 
Source df MTH SILK PSSI 
Environments (E) 3 (l) 
Replications/E 8 (U) 
Nitrogen (N) 6 (6) 
Check vs Others l(l) 
P vs PS 1(1) 
P£ (linear) l(l) 
Pq (quadratic) 1(1 ) 
PS„ 1(1) 
PS 1(1) 
H X E l8 (6) 
E X Check vs Others 3(l) 
E X P vs PS 3(l) 
E X P^ 3(1) 
E X Pq 3(l) 
E X PSj, 3(1) 
E X PSq 3(1) 
Error a 48 (24) 
Inbreds (l) 9 (9) 
I X E 27 (9) 
I X N 54 (54) 
I X Check vs Others 9(9) 
I X P vs PS 9(9) 
I X Pj^ 9(9) 
I X Pq 9(9) 
I X PS£ 9(9) 
I X PS. 9(9) 
I X E X N 162 (54) 
I X E X Check vs Others 27(9) 
I X E X P vs PS 27(9) 
I X E X P% 27(9) 
I X E X Pq 27(9) 
I X E X PS% 27(9) 
I X E X PSq 27(9) 
Error D 504(252) 
Total 839(419) 
C.Y.% 
34.86 1.05 23.81 
23.35 29-46 1.08 
19.88 31.84* 5.02 
93.27t 142.57* 5.21 
10.00 0.12 7.92 
73.21 135.07* 9.40 
42.34 22.69 3.04 
49.94 116.81* 14.00 
11.62 11.62 0.00 
21.07* 14.23 6.20 
78.93** 42.96* 5.43 
21.51 3.39 7.80 
59.40* 68.16** 0.30 
47.70* 1.66 31.50* 
49.20* 33.66* 1.47 
9.21 6.33 0.26 
8.42 7.41 5.55 
173.10** 237.16** 85.67** 
15.60** 39.35** ±k.hh** 
1.65 1.96 1.82 
2.58 3.39 2.70 
2.94 1.76 1.33 
3.33 5.02 4.16* 
1.33 1.10 2.17 
2.02 3.89t 3.47t 
I.3S 1.06 0.86 
2.02t 2.52 2.10 
5.13** 4. lot 2.82 
3.31* 2.09 0.67 
4.06* 4.97* 2.47 
4.01* 2.19 3.25t 
2.56t 2.45 1.19 
1.51 3.32 2.12 
1.57 2.20 1.99 
6.84 9.20 4.4o 
4.69 5.02 50.80 
degrees of freedom in parentheses are appropriate for AMU, SILK, 
PSSI and PROT. 
^Mean squares were multiplied by 10^. 
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Mean squares 
PLHT ERHT EL ED^ KD^ 
8857.06 30319.83 1026.99 77.68 l4.4o 
391.1^6 116.80 10.88 0.54 0.10 
147.12 83.90t 52.95t 3.49* 0.15 
367.k2t 250.31* 262.22** 15.79** 0.40 
3.53 0.39 2.05 0.14 0.29 
675.05* 296.52* 240.4l** 16.85** 0.49 
47.10 11.16 27.07 0.56 0.19 
307.59t 381.12* 210.99** 9.20* 0.05 
23.23 0.07 23.98 1.69 0.04 
84.30 54.60 22.70* 0.95* 0.21 
211.66t 92.98t 68.59** 3.31** 0.40 
63.90 27.28 11.35 0.02 0.20 
98.93 117.94* 34.14** 3.47** 0.27 
64.72 29.97 39.80** 0.84 0.44 
209.53t 72.94 80.08** 3.38** 0.47t 
33.12 3.56 11.62 0.22 0.08 
87.13 39.22 5.53 0.50 0.20 
9024.71** 5303.47** 1063.15** 9.17** 8.64** 
411.53** 238.78** 62.36** 1.83** 0.32** 
43.22** 23.02 4.39 0.38 0.15 
74.83* 20.20 5.37 0.40 0.15 
43.91 22.22 1.70 0.32 0.25 
62.81* 17.43 10.53* 0.37 0.18 
48.73 18.40 4.90 0.35 0.21 
74.74* 11.87 6.65 0.65 0.15 
19.24 23.91 1.06 0.42 0,12 
34.41 23.68** 5.16 0.39* 0.l4 
45.90 21.21 6.09 0.10 0.13 
32.29 38.54** 6.23 0.36 0.62** 
30.56 22.85 5.18 0.25 0.18 
54.17 27.92* 2.70 0.18 0.29** 
32.94 33.78** 9.47** 0.70** 0.30** 
37.01 12.76 2.60 0.36 0.10 
32.88 16.84 4.50 0,30 0.15 
361.26 194.29 22.35 1.68 0.30 
3.51 5.82 14.46 4.56 18.74 
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Table 32 . (continued) 
Mean squares 
SP^ YIELD KW EPP^ PROT 
3U.56 39401.96 25922.37 5.13 36.59 
0.23 106.15 102.23 0.38 0.42 
0.12 709.08t 34.85 1.27 29.25* 
0.02 3704.91** 105.62 6.18** 116.23** 
0.07 8.98 6,27 0.22 0.58 
0.00 3279.75** 122.58 5.37** 119.45** 
0.00 266.41 0.30 0.88 5.22 
0.03 2416.83* 59.91 5.02* 122.50** 
0.17 637.56 24.30 0.46 12.97 
0.2k*  315.78** 56.93 0.64** 5.45** 
0.37* 1068.18** 159.26* 1.79** 13.74** 
0.37* 145.34 23.90 0.40 0.54 
0.03 597.59** 201.82** 0.85* 20.19** 
0.19 571.48** 22.96 1.09** 0.18 
0.57** 1099.08** 125.34* 2.28** 18.90** 
0.06 270.00 28.86 0.13 1.49* 
0.12 103.77 38.59 0.25 0.31 
6.83** 7064.36** 5741.56** 35.54** 76.61** 
1.68** 518.46** 257.98** 1.24** 11.62 
0.16 60.19 34.l8t 0.23 0.44 
0.00 91.17 64.11** 0.42* 0.56 
0.10 45.02 31.50 0.04 0.34 
0.00 118.47** 59.59* 0.57** 0.78 
0.00 75.18* 51.28* 0.19 0.43 
0.10 79.80* 58.37* 0.32 0.45 
21.51 23.84 C 20 C. 68 
0.21 46.5lt 25.48 0.23 0.51** 
0, lh  53.26t 12.33 0.18 0.60* 
0.19 36.69 17.02 0.24 0.4l 
0.04 48.71 30.15 0.18 0.56t 
0.05 44.61 24.11 0.10 0.50t 
0.30* 40.01 28.92 0.42** 0.54t 
0.07 34.69 25.20 0.09 0.74* 
0.19 38.39 24.66 0.22 0.29 
0.43 288.07 186.92 0.67 2.80 
5.6U 15.69 7.29 14.15 4.93 
c 2 Mear. squares were multiplied by 10 . 
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variation would indicate a difference in performance for the inbred 
traits as affected by time of nitrogen application. In no instance was 
this component significant in the combined analyses of variance. In ad­
dition, the mean squares for this component were usually very small com­
pared to the other components. Consequently, the method of nitrogen ap­
plication, preplant vs preplant-sidedress, was of no importance in the 
variation among nitrogen treatments. Comparing mean values between equal 
increments of nitrogen in Table 33 shows for all traits why no signifi­
cant F-values were found in the analyses of variance. 
In general, even in cases where the main effect of nitrogen was sig­
nificant, the response of the inbred traits to nitrogen fertilizer was 
small (Table 33). The greatest response was oberved for the first incre­
ment of nitrogen fertilizer. YIELD, although the quadratic source of 
variation was not significant, appears to have reached maximum response 
at 60 or 120 kg N/ha. A lack of precision, because of few degrees of 
freedom and a significant nitrogen x environment interaction, could ac­
count for the quadratic sources of variation being nonsignificant. EL 
appears to be the ear trait contributing most to the YIELD response be­
cause its response to nitrogen fertilizer was similar. 
The nitrogen x environment interaction was significant for most of 
the inbred traits (Table 32). One or more of the components were signif­
icant in cases where the main interaction was not significant, Nonsignif-
icance for the environment x P vs PS component of variation for all 
traits, except SP, indicated that the effect of timing of nitrogen fertil­
ity was relatively constant in the four environments. 
Table 33. Inbred means for plant, ear, and grain traits pooled over en­
vironments- and entries for Experiment 20 
Nitrogen 
applied (kg/ha) MTH SILK PSSI PLHT ERHT 
0 27.9 30.9 3.0 161.9 69.1 
6o 26.6 29.8 3.2 163.1 70.1 
120 26.0 28.9 2.9 163.0 70.9 
180 26.4 29.0 2.6 165.5 71.2 
30-30 26.8 29.5 2.7 163.3 69.8 
6O-6O 26.T 29.k  2.7 163.6 70.8 
90-90 26.5 28.9 2.3 164.2 71.5 
ns -0.33 ± 0.08 ns 0.53 ±0.19 0.35 ± 0. 13 
ns ns ns ns ns 
ns -0.31±0.08 ns 0.36 ±0.19 o.Uo ± 0. 13 
PS. ns ns ns ns ns 
q 
L.S.D._05 ns 1.1 ns ns ns 
L.S.D. ns 0.9 ns ns l.U 
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Means 
EL ED KD SP YIELD Kw EPF PROT 
13.3 3.T 0.6U 0.78 34.3 67.3 1.0 9.72 
Ik .6  3.8 0.66 0.78 39.5 68.4 1.1 10.66 
lh .9  3.8 0.67 0.77 39.8 67.8 1.1 11.27 
15.3 3.9 0.66 0.79 42.0 69.0 1.1 11.62 
14.5 3.8 0.66 0.78 39.7 68.0 1.0 10.69 
14.8 3.8 0.64 0.78 40.2 68.4 1.1 11.53 
15.2 3.9 0.65 0.78 40.9 68.2 1.1 11.57 
0.32± 0. 10 
o
 
+1 CO o
 
d
 .01 ns ns 1.17 ± 0.36 ns 0.01± 0.00 0.31 + 0.07 
ns ns ns ns ns ns ns ns 
o
 
w
 
o
 
1+ o
 
10 0.02 ± 0 .01 ns ns 1.00 ± 0.36 ns 0.01± 0.00 0.32 ±0.07 
ns ns ns ns ns ns ns ns 
ns 0.1 ns ns ns ns ns 1.04 
1.1 0.1 ns ns 4.0 ns ns 0.83 
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Highly significant inbred, differences were observed for all inbred 
plant, ear, and grain traits in the combined analyses of variance (Table 
32). In addition, the inbred x environment interaction was highly sig­
nificant for all traits except PROT, indicating the importance for test­
ing in more than one environment. 
The inbred x nitrogen main interaction was highly significant for 
PLHT and significant at the 10% probability level for 57. Partitioning 
the main interaction into nonorthogonal components, however, resulted in 
significant inbred x nitrogen interactions for PSSI, EL, YIELD, and EPF. 
In general, either the inbred x check vs others and/or the linear com­
ponents accounted for most of the variation. Although this interaction 
was significant in some instances, the magnitude of the mean squares, 
compared with the inbred mean square, was substantially smaller for all 
traits. The genotype x nitrogen interaction for this material thus ap­
pears to be of much smaller importance when compared with the genetic 
material in Experiment l8. 
Two objectives for this study were to determine the rate of applica­
tion that resulted in maximum response of inbred traits, especially YIELD, 
and to determine if differences in response among inbred lines existed 
with respect to time and rate of nitrogen application. Nonsignificance 
for the inbred x P vs PS component of variation in the combined analyses 
of variance (Table 32) indicated that inbreds did not differ in response 
with respect to time of application. Significant interactions for the 
inbred x regression sources of variation for YIELD, however, indicated 
that inbreds differed with respect to rate of application of nitrogen 
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fertilizer that gave maximum YIELD. This latter relationship therefore 
warrants further investigation. 
Genotype x nitrogen means and linear and quadratic regression coef­
ficients for YIELD of the 10 inbred lines, pooled over environments, are 
presented in Table 34. Because P vs PS and inbred x P vs PS sources of 
variation were nonsignificant, linear and quadratic regression coeffi­
cients were computed using the mean values for YIELD where fertility lev­
els were in common. Four observed values and levels of nitrogen fertility 
were therefore used to calculate the estimates. Hidden replications were 
taken into account when calculating the regression coefficient and the 
standard error (S.E.) of the estimate. Two inbreds (A663 and MolT) did 
not respond significantly to nitrogen fertilizer as evidenced by regres­
sion coefficient estimates. Nitrogen fertilizer resulted in a YIELD in­
crease of approximately 3 q/ha for these two inbreds. The eight remain­
ing inbred lines had positive, linear estimates significantly different 
from zero. Also, the quadratic estimates for B73 and B'jS were different 
from zero because maximum YIELD had been obtained at approximately 120 kg 
N/ha. Evidently, l80 kg/ha was not sufficient nitrogen for A632, BTO, 
BJ3, NTA, BTT, and Va26 to obtain maximum YIELD. The small linear regres­
sion coefficients for A632, BTO, B75, and NTA, however, indicated that the 
rate of increase for YIELD was small with increasing rates of nitrogen 
fertilizer and an additional increment may have shown no further increase. 
Examination of the means in Table 3^ [mean value for YIELD where fertility 
levels were in common) indicated, that in general, little additional re­
sponse in YIELD occurred after 60 kg N/ha was applied for inbreds A632, 
Table 3U. Genotype x nitrogen means and linear and quadratic regression coefficients for the YIELD 
of 10 inbred lines for Experiment 20 pooled over environments 
Nitrogen applied (kg/ha) 
Prepl.ant Preplont-sidedress 
Entry 0 60 120 l80 30-30 6O-6O 90-90 Intercept®" b J^ b ^ 
X. q 
B73 kk .3  53.2 51.7 1*9.7 50.8 5l*.0 53.5 1*1*.8 8.73(±2.60) -2.17(±0.77) 
A663 15.h  18.0 18.6 19.9 20.1* 18.6 18.7 18.5 0.86(±0.72) -0.73(±0.77) 
BT6 35.3 h5.3  L3.8 1*2.6 1*2.0 1*6.2 1*6.5 35.8 9.23(±2.6O) -2.13(±0.77) 
M0I7 3)4.7 37.3 35.6 37.0 36.9 37.1* 38.6 36.8 0.7l*(±0.72) -0.23(±0.77) 
A632 33.1 36.7 37.9 37.0 37.1 37.8 1*0.6 31*.1* 1.6i(±0.72) -0.67(±0.77) 
B70 35.7 37.5 1*1.6 1*1.7 1*2.2 38.9 1*1.0 37.2 1.51(±0,72) -0.68(±0.77) 
B75 29.6 3^.2 3h.h  38.0 31.8 31».5 32.9 30.7 1.77(±0.72) -0.57(±0.77) 
N7A hk .8  U9.3 52,9 1*8.6 1*7.8 1*8.1 1*5.3 1.68(±0,72) 0.25(±0.77) 
B77 37.2 1*5.7 It It.7 55.0 1*5.0 1*9.5 1*7.7 39.1* I*.08(±0.72) -0.86(±0.77) 
Va26 32.2 42.3 1*0.7 1*6.1* 1*2.0 36.9 1*1.2 35.7 2.6l(±0.72) -0.99(±0.77) 
Î  3U.3 39.5 39.8 1*2.0 39.7 1*0.1 1*0.9 36.2 l.88(±0.60) -0.88(±0.61*) 
^alue for the intercept. 
^Linear and quadratic regression coefficients were computed using the mean value for YIELD 
where fertility level» were in common. Hidden replications were taken into account when calculat­
ing the regression coefficient and the standard error of the estimate for this and Table 35» 
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BTO, BT5j and NTA. Intreds BTT and Va26 both had fairly high estimates 
for linear regression stiggesting that their response to nitrogen fertility 
was greater than for A632, BTO, BT5» and NTA. A preplant application of 
180 kg H/ha also resulted in vhat seemed to be a substantial increase in 
YIELD for inbreds BT7 and Va26. This increase was not observed with a 
preplant-sidedress application of 90-90 kg M/ha. 
Support for the conclusion that a preplant was just as effective as 
a preplant-sidedress application of nitrogen fertilizer can be seen from 
the inbred x nitrogen x environment second-order interaction in the com­
bined analyses of variance (Table 32). Mean squares, when significant, 
were much smaller when compared to the mean squares for inbreds. In par­
ticular, the nonsignificant inbred x environment x P vs PS interaction 
for YIELD indicated the relationship between P vs PS was similar in the 
four environments used in this study. 
The environmental effects of this experiment, as with Experiment 18, 
were substantial as evidenced by the affect on YIELD (Table T). Addition­
ally, the main effect of nitrogen fertility was seen to be different in 
the four environments (Table 32). Examination of the analyses of variance 
(Tables A51-A5^) and means for each environment as pooled over entries 
(Tables A^6-A^9) seems warranted. The greatest response of inbred traits 
to nitrogen fertilization occurred at the Ames, 1978 environment (Tables 
Ah8 and A53) where all traits, except PSSI and ERHT, were significantly 
affected by nitrogen fertilizer. Generally, check vs others and linear 
and quadratic regression sources of variation accounted for most of the 
variation (Table A53). Maximum YIELI) at this environment, as averaged 
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over entries, occurred at atout 120 kg N/ha (Table AU8), EL appeared 
the ear trait contributing most to YIELD because its response to nitrogen 
fertilization was similar with YIELD. Also, KW and KD increased with ni­
trogen fertilization indicating that seed weight and length increased. 
The number of days required to reach ANTH and SILK decreased with nitro­
gen fertilization, but the interval between the two was not affected. 
The greatest increase or decrease for most traits occurred with the first 
increment of nitrogen fertilizer. 
Most of the inbred traits in the other three environments did not 
respond substantially to nitrogen fertilization (Tables kkG, AUT, AU8, 
A51, A52, and A$4). This would account for the large nitrogen x environ­
ment interaction in the combined analyses of variance (Table 32). High­
est grain yields were observed at the Ankeny, 19T6 environment (Tables 
A47 and A52), but the response to nitrogen fertilization was small. High 
levels of residual soil nitrogen may have been present confounding the 
effect of nitrogen trcatmsnts. The inbred material at Ames, 19To was 
damaged early in the growing season by a hailstorm, A lack of response 
for most traits at this environment to nitrogen fertility could have been 
due to confounding effects Involving hail damage. Additionally, the lack 
of response at Atomic Energy, 1978 could have been due to confounding ef­
fects as a result of heavy European corn borer infestations. 
Inbred x nitrogen interactions were more prevalent at the Ames, 1978 
environment compared with the other environments (Tables A51-A54). This 
was not surprising because the main effect of nitrogen was greatest at 
this environment. The inbred x nitrogen main interaction and inbred x 
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check vs other and linear regression sources of variation accounted for 
most of the variation for YIELD at Ames, 1978 (Table A53). Significant 
interactions for EL, KW, and EPF were seen, indicating these ear and grain 
traits for the inbreds were reacting in a manner similar with YIELD, 
Genotype x nitrogen means and linear and quadratic regression coeffi­
cients for YIELD at the four environments are presented in Table 35- Es­
timates for linear and quadratic regression were calculated using the 
mean value for YIELD where fertility levels were in common because sources 
of variation involving P vs PS were not significant. In general, individ­
ual inbred response to nitrogen fertilization was small at the Ames 1976, 
Ankeny 1976, and Atomic Energy 1978 environments. No specific or general 
conclusions will be made for these environments because I believe environ­
mental effects were of such a magnitude as to confound inbred response to 
nitrogen fertilization. Future discussion, therefore, will be centered 
upon inbred response at the Ames, 1978 environment. 
The analyses of variance for the Ames, 1978 environment (Table A53) 
indicated that a preplant application of nitrogen fertilizer was as ef­
fective as a preplant-sidedress application. The Ames, 1978 data in 
Table 35, however, indicate a slightly higher YIELD, as averaged over 
entries, was obtained with a preplant-sidedress application. Also, indi­
vidual inbred line response for B73, B76, Mol7, A632, B70, and B77 indi­
cated that a preplant-sidedress application generally resulted in higher 
YIELD compared with a preplant application. Evidently, however, these 
differences were not great enough to be significant. Figure U graphically 
illustrates that a preplant-sidedress application of nitrogen fertilizer 
Table 35. Genotype x nitrogen means and linear and quadratic regression coefficients for the YIELD 
of 10 inbred lines for Expei'iment 20 at Ames 1976, Ankeny 1976, Ames 1978, and Atomic 
Energy 1978, respectively 
Entry 
Nitrogen applied (kg/ha) 
Preplan t Preplant-sidesress 
60 120 180 30-30 60-60 90-90 Intercept 
Ames 1976 
B73 59.2 66.9 57.4 57.5 58.2 58.3 63.7 60.2 -0.26(11.54) 0.03(11.64) 
A663 13.2 22.5 16.2 2 3 . 0  24.6 22.2 22.5 20,6 0.77(±1.54) - 1.43( 1 1.64) 
B76 42.6 45.8 38.4 39.0 45.1 44.7 47.1 43.2 -0.49(11.54) -0.18( 1 1.64) 
M0I7 34.8 3 3 . 6  31.4 34.3 29.6 34.3 37.4 33.6 0.82(11.54) 1.52(11.64) 
A632 37.!+ 3 3 . 7  36.0 3 9 . 3  3 6 . 8  34.2 4l.0 36.9 1.20(11.54) 1 . 8 3 ( 1 1.64) 
B70 50.9 3 7 . 7  43.9 54.1 48.2 44.5 5 3 . 3  37.6 -4.71(15.55) 4.35(11.64) 
B75 3 5 . 5  29.8 36.4 47.0 33.9 40.7 39.0 31.4 3.53(11.54) 1 . 8 7 ( 1 1.64) 
N7A 57.9 45.7 4 8 . 6  56.0 47.4 4 7 . 9  5 3 . 6  57.1 -13.80(15.55) 4.38( 1 1.64) 
B77 47.7 49.6 4 o.2 64.5 41.6 5 3 . 9  33.5 47.3 0.80(11.54) 0.98( 1 1.64) 
Va26 1(3.0 37.4 4 o . l  52.0 43.2 34.6 4 0 . 6  41.6 1.23(11.54) 3.08( 1 1.64) 
X k 2 . 2  ltO.3 38.9 46.7 40.8 41.5 43.2 40.2 -1.09(10.86) 1.64( 1 0 . 9 2 )  
Ankeny 1976 
B73 65.4 74.5 73.7 71.3 73.5 80.6 71.2 65.0 13.16(14.44) -3.68(11.32) 
A663 28.2 31.7 34.3 33.3 3 5 . 6  32.3 32.8 32.6 1.03(11.21) -1.34(11.32) 
B76 56.6 65.0 64.0 63.4 60.0 65.1 65.6 59.0 2.20(11.21) -1.46(11.32) 
M0I7 5 6 . 9  60.8 58.6 54.3 6 0 . 7  57.2 58.3 58.1 -0.87(11.21) -1.25(11.32) 
A632 49.1 53.1 51.8 51.5 51.7 54.5 52.7 52.1 0.74(11.21) -1.07(11.32) 
B70 5 3 . 5  58.0 63.6 64.8 62.8 61.2 56.7 60.1 1.89(11.21) -2.12(11.32) 
B75 43.5 46.1 40.6 40.9 42.7 44.3 36.5 47.1 -1.89(11.21) -1.16(11.32) 
N7A 61.6 58.5 61.8 68.5 60.3 60.6 57.5 61.3 0.87(11.21) 0.96(11.32) 
B77 61.4 6 8 . 8  70.2 80.7 76.5 67.7 72.6 64.8 3.69(11.21) -0.57(11.32) 
Va26 5 2 . 9  75.0 5 9 . 3  6 5 . 4  6 8 . 3  50.6 5 4 . 5  58.3 7.91(14 . 4 4 )  -2.76(11.32) 
X 5 2 . 9  5 9 . 1  5 7 . 8  5 9 - ' +  5 9 . 2  5 7 . L  5 5 . 8  5 3 . 8  5 . U 6 (  1 . 2 3 )  - l . l 4 l i (  0 . 6 3 )  
Ames 1978 
B 7 3  2 5 . 1  3 9 . 7  I47. O  1*1*. 2 1 * 2 . 6  1*5.2 1 * 7 . 9  25.6 1 8 . 5 9 ( ± 1 * . 7 8 )  - 3 . 9 7 ( 1 1 . 1 * 2 )  
A663 8.1 8.0 7 . 7  1 1 . 7  9.H 8 . 0  8 . 6  8 . 8  0 . 5 7 ( ± 1 . 3 3 )  0.1*8(11.1*2) 
B 7 6  2 1 . 5  36.8 1 * 1 4 . 1  36.1 31*. 9  1*5.2 1 * 6 . 1  2 0 . 8  2 0 . 5 l ( ± l t . 7 8 )  - l * . 5 5 ( ± l . l t 2 )  
M017 21.2 28.1 27.8 32.3 29.2 31*. 1* 3 5 . 3  2 3 . 1 *  3 . 6 9 ( ± 1 . 3 3 )  - 1 . 1 2 ( 1 1 . 1 * 2 )  
A6 3 2  2 1 . 5  3 3 . 1  3 5 . 9  3 l * . 0  3 3 . 7  38.7 1*6.7 25.1* 5 . 1 * 8 ( 1 1 . 3 3 )  - 2 . 1 2 ( 1 1 . 1 * 2 )  
B 7 0  16.5 28.3 27.8 2 1 . 6  3 0 . 2  26.9 29.3 1 7 . 9  1 2 . 7 5 ( ± 1 + . 7 8 )  -3.1*8(11.1*2) 
B 7 5  2 1 . 8  3 2 . 6  3 9 . 7  1 * 2 . 5  33.h  31*.3  35.6 2 5 . 7  5 . 0 0 ( ± 1 . 3 3 )  - 2 . 2 2 ( 1 1 . 1 * 2 )  
N 7 A  27.6 3 9 . 8  1 * 5 . 2  52.1 1*9.0 1*8. 1 *  1 * 6 . 7  29.0 I 6 . 6 5 ( ± 1 * . 7 8 )  -3.36(11.1*2) 
B 7 7  2 1 . 6  3 0 . 6  1*2.2 1*7.8 3 1 * .  5  5 1 . 9  5 3 . 0  23.1* 9 . 8 l ( ± 1 . 3 3 )  -2.06(11.1*2) 
V a 2 6  1 8 . 6  3 0 . 2  3 7 . 3  1*1.7 3 3 . 8  38.0 1*2.1* 2 2 . 5  7 . 0 3 ( ± 1 . 3 3 )  -2.18(11.1*2) 
t  2 0 .  L  3 0 . 7  3 5 . 5  36.1 *  3 3 . 1  3 7 . 1  3 9 . 2  2 0 . 7  1 2 . 8 9 (  ± 1 . 1 * 1 * )  -2.1*6(10.71) 
A t o m i c  Energy 1 9 7 8  
B 7 3  27.7 3 1 . 7  28.9 2 5 . 9  28.7 3 1 . 9  3 1 . 1  29.1* - 0 . 0 l ( ± 1 . 1 2 )  - 1 . 0 9 ( 1 1 . 1 9 )  
A663 1 2 . 0  9 . 9  16.3 1 1 . 7  12.2 1 2 . 0  10.9 12.1 0 . 1 0 ( ± 1 . 1 2 )  -0.61(11.19) 
B 7 6  2 0 . 6  3 3 . 6  28.8 3 1 . 8  28.0 2 9 . 9  2 7 . 2  28.6 1 . 8 0 ( ± 1 . 1 2 )  - 2 . 3 l * ( l l . l 9 )  
M0I7 2 5 . 7  26.8 21*.7  27.0 28.1 2 3 . 7  2 3 . 1 *  25.6 - 0 . 6 1 * ( ± 1 . 1 2 )  -0.08(11.19) 
A632 2k .7  27.0 28.1 2 3 . 3  26.1* 2 3 . 7  2 2 . 0  2 5 . 0  0 . 9 8 ( 1 1 . 1 2 )  - 1 . 3 1 ( 1 1 . 1 9 )  
B 7 0  22.1 2 5 . 9  31.1 26.1* 2 7 . 5  22.9 2U.6 25,8 0 . 6 6 ( ± 1 . 1 2 )  -1.19(11.19) 
B 7 5  1 7 . 8  2 8 . 1 *  2 0 . 8  2 1 . 7  1 7 . 1  18.7 2 0 . 1 *  2 0 . 7  0 . 3 3 ( ± 1 . 1 2 )  -0.76(11.19) 
N 7 A  3 5 . 8  35.3 1 * 1 . 6  3 1 * . 9  3 7 . 8  3 1 * . 1  3 1 * . 9  36. 1 *  - 0 . 2 9 ( ± 1 . 1 2 )  - 0 . 9 9 ( ± 1 . 1 9 )  
B 7 7  18.2 33.9 26.1* 27.1 2 7 . 5  2 l * . l *  3 1 . 7  27.0 2 . 0 l * ( ± 1 . 1 2 )  -1.80(11.19) 
Va26 l i t .  3  26.6 26.1 26.5 22.8 2 l * . 5  27.2 18.5 3.20(11.12) -2.09(11.19) 
X  2 1 . 9  27.9 27.3 25.6 25.6 21*.6  25.3 2 2 , 5  k . 6 9 ( 1 1 , 2 3 )  -1.26(10.61) 
%alue for the intercept. 
^Linear and quadratic regression coefficients were computed using the mean value for YIELD 
where fertility levels were in common. 
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resulted in slightly greater YIELD as nitrogen levels increased. Figure 
5 indicates that EL seems to have been the ear or grain trait contributing 
most to differences in inbred YIELD with respect to time of nitrogen ap­
plication. Figure 6 further verifies this observation because KW was ob­
served to be greater with a preplant application at the higher fertility 
levels. Therefore, although lighter seeds were produced with a preplant-
sidedress application, greater number of seeds resulted in a slight YIELD 
increase. Ideal environmental conditions were not present at this loca­
tion because of heavy infestations of European com borer. Plant damage, 
as caused by feeding of this insect, conceivably could have masked the 
advantage of a preplant-sidedress application of nitrogen fertilizer. 
Further experimentation, with more favorable environmental conditions, 
would be required to determine if YIELD could be increased with an appli­
cation of nitrogen fertilizer during the growing season. 
The data from Ames, 1978 (Table 35) indicate that differences exist 
among inbrsds with respect to rate of nitrogen fertilizer required to ob­
tain maximum YIELD. Inbred A663 did not respond to nitrogen fertilization 
indicating a lack of efficiency for nitrogen utilization. The low YIELD 
for this inbred suggests that genetic deficiencies, and not availability 
of nitrogen, were the limiting factors. Maximum YIELD for inbreds BT3, 
BT6, BTO, and NTA were obtained at approximately 120 kg N/ha. Inbreds 
MolT, A632, BT5, BT7, and Va26, although having nonsignificant quadratic 
regression estimates, appeared to be approaching maximum YIELD at I80 kg 
N/ha because the increase in YIELD between 120 and 18O kg N/ha was less 
compared with other fertility intervals. 
Figure 4. Preplant and preplant-sidedress YIELD response to nitrogen 
fertilization using data from Experiment 20 pooled over 
entries at Ames, 1978. 
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Figure 5- Preplant and preplant-sidedress EL response to nitrogen ferti­
lization using data from Experiment 20 pooled over entries at 
Ames, 1978. 
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Figure 6. Preplant and preplant-sidedress KW response to nitrogen ferti­
lization using data from Experiment 20 pooled over entries at 
Ames, 1978. 
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B73, MolT, and to a lesser extent B7T, are important inbred parents 
for commerical production of single-cross hybrids. Ear and grain traits 
for these inbreds that contribute to grain yield are thus an important 
consideration to the commercial seed industry, particularly, if the inbreds 
are the seed (female) parent. YIELD, EL, EPF, and KW responses to nitro­
gen fertilizer for these three inbreds are shown graphically in Figures 7, 
8, 9» and 10, respectively. The linear increase in YIELD for B77 was ac­
counted for mainly by a corresponding increase in EPF (Figure 9) which 
gave a greater EL (Figure 8) resulting in production of a greater number 
of seed. KW for B77 was not significantly affected by nitrogen fertiliza­
tion (Figure 10). Mol7 had a slight linear increase in YIELD with in­
creasing amounts of nitrogen fertilizer (Figure 7). YIELD increase at 
the lower fertility rates could be accounted for partially by increases 
in EL and EPF (Figures 8 and 9, respectively). EL and EPF, however, were 
reduced at 2k0 kg N/ha for this inbred. Evidently KW (Figure 10), al­
though having a nonsignificant response, contributed to the slight in­
crease in YIELD for Mo17 at 2k0 kg N/ha. Also, the YIELD response for 
B73 can be accounted for partially by increases in EL and EPF (Figures 8 
and 9). KW, however, seems to have been the ear or grain trait contrib­
uting most to the YIELD response of B73 (Figure 10). Higher KW for this 
inbred could indicate that the quality of the seed was greater under con­
ditions of optimal or excessive nitrogen fertilization. This was an 
important observation because the seed of B73 is less than ideal for 
sizing because of a large amount of small and round seeds. A more de­
tailed study, including data on seed quality, will be required to 
Figiire T. Genotype x nitrogen YIELD response for three selected inbreds 
using data from Experiment 20 at Ames, 1978. [Coded values 
(X = 0, 1, 2, and 3) for nitrogen levels (O, 60, 120, and l80 
kg/ha) were used in the prediction equations.] 
150 
60 
50 
/ 
40 
(O 
*o 
% 
>-
/ 
/ 
/ 
r V. 
/ 
/ 
/ 
/ / 
1 
30 / / / 
/ y' o 
W>J 
G 
20 
• B73 Y = 25.6+18.59(X)-3.97(X^) 
O Mol7 Y = 23.4+3.69(X) 
A 877 Y = 23.4+9.81(X) 
t  
60 120 
Nitrogen Applied (kg/ha) 
180 
Figure 8. Genotype x nitrogen EL response for three selected inbreds 
using data from Experiment 20 at Ames, 1978, [Coded values 
(X = 0, 1, 2, and 3) for nitrogen levels (O, 60, 120, and 
l80 kg/ha) were used in the prediction equations.] 
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Figure 9. Genotype x nitrogen EPF response for three selected inbreds 
using data from Experiment 20 at Ames, 1978. [Coded values 
(X = 0, 1, 2, and 3) for nitrogen levels (O, 60, 120, and 
l80 kg/ha) were used in the prediction equations,] 
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Figure 10. Genotype x nitrogen KW response for three selected inbreds 
using data from Experiment 20 at Ames, 1978. [Coded values 
(X = 0, 1, 2, and 3) for nitrogen levels (O, 60, 120, and 
l80 kg/ha) were used in the prediction equations.] 
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determine if the seed quality of B73 can be increased with nitrogen fer­
tilization. 
No advantage was seen in this experiment in applying nitrogen ferti­
lizer as a combination of a preplant-sidedress application. A preplant 
application alone was just as effective for all inbred plant, ear, and 
grain traits. Detasseling the female parent is a common procedure in 
seed production fields, but it was not done for the inbred lines in this 
study. Whether detasseling would have given different results is not 
known. Additionally, only 10 inbred lines were used in this study. Dif­
ferent results may have been possible if more inbreds had been used. 
Also, more favorable environmental conditions might have altered the re­
sults. Genotypic differences were present with respect to level of ni­
trogen fertilizer required to attain maximum YIELD at the Ames, 1978 en­
vironment. The inbred lines, with the exception of A663, appeared to be 
approaching maximum YIELD at either 120 or l8o kg N/ha. The genotypic 
differences observed in the combined data (Table 34) were largely a re­
sult of the contribution of the Ames, 1978 environment. As such, further 
experimentation in more favorable environments would be desirable to con­
firm these initial results. 
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SUMMARY 
Experiments 10 and 20 were conducted during the summers of 1976, 
1977, and 1978 with two locations each year. The Agronomy Research Sta­
tion near Ames, Iowa was one location for each of the years. In 1976, 
1977, and 1978, the I.S.U. Research Farm Wear Ankeny, Iowa, the Brunner 
Farm near Ames, and the farm at the Federal Atomic Energy Research Plant 
near Ames were used for locations, respectively. The inbred lines for 
Experiment l8 at the Agronomy Research Station in 1976 were discarded 
because of severe damage to the plants by a hailstorm. In addition, both 
locations for Experiments l8 and 20 were discarded in 1977 because of 
severe drought. 
The response of the genetic material in Experiments l8 and 20 to ni­
trogen fertilization, particularly inbred lines, was strongly affected by 
environmental conditions. In general, inbred response was greatest at 
the Ames, 1978 environment. Environmental conditions at the other envi­
ronments were of such an extreme nature as to confound the effect of ni­
trogen fertilizer. Plant, ear, and grain traits of the hybrid material 
showed a better response to nitrogen fertilization compared with inbred 
traits. Greater vigor associated with hybrid material, resulting in high­
er requirements for nitrogen, probably diluted environmental effects to 
some extent. 
These two studies clearly indicate the problems confronting research­
ers when experiments designed to study the response of inbred lines and 
hybrid material to nitrogen fertility are conducted under field conditions 
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that are less than favorable for normal plant growth, or contain high lev­
els of residual nitrogen. Nonetheless, conditions of this sort are often 
encountered. Interpretation of results from these two studies, therefore, 
pertain to a unique set of environmental conditions. Caution should be 
employed in extrapolating these results to other environmental conditions. 
Experiment l8 
There were two basic objectives for Experiment l8. The first objec­
tive was to determine if differences among single crosses were present for 
efficiency of nitrogen utilization and to what extent these differences 
could be predicted from inbred parental performance. The second objective 
was to determine the effects of nitrogen fertilization on the relation­
ships among traits in inbreds and in hybrids and between inbred and hybrid 
performance. 
Forty inbred lines of maize derived from BSSS and 20 single crosses 
developed from these inbreds constituted the genetic material. The inbred 
lines and single crosses were evaluated in three and four environments, 
respectively, and data were collected for 15 traits in most of these envi­
ronments. The data collected were; days to pollen, days to silk, silk 
delay, plant height, ear height, leaf area, number of tillers, ear length, 
ear diameter, kernel depth, shelling percentage, kernel weight, ears per 
plant, protein percentage, and grain yield. The experimental design used 
was a split-plot where the main plots consisted of nitrogen fertility 
rates (0, 60, 120, l80, and 2k0 kg/ha) and the sub-plots consisted of the 
genetic material. Each trial had three replications and data for most 
traits were taken in all replications. 
l6o 
Data from Ames, 1978 were used to study the efficiency of nitrogen 
utilization of inbred and hybrid material with respect to grain yield be­
cause this environment showed the greatest response to nitrogen fertili­
zation and was the only environment in which the inbred lines had an aver­
age response that was significant. These data indicated that differences 
were present among inbreds and single crosses for efficiency of nitrogen 
utilization. I concluded that evaluation and selection of inbred lines 
under conditions of optimal nitrogen fertility would increase the proba­
bility of obtaining hybrid progenies with above-average efficiency for 
nitrogen utilization. Evaluation of inbred lines in a nitrogen-deficient 
environment would not give the breeder this opportunity because of a 
high genotype x nitrogen interaction associated with inbred lines and 
their hybrid progenies. The lack of a significant relationship between 
inbred and hybrid efficiency, however, suggests that prediction of hybrid 
efficiency for nitrogen utilization based on inbred response would be 
ineffective. 
Simple correlation coefficients were calculated for the relation­
ships involving all lines as follows: (l) among plant, ear, and grain 
traits for the inbred lines and single crosses as affected by nitrogen 
fertility and (2) between characters of inbred lines and their single 
crosses as affected by nitrogen fertility. 
Simple correlation coefficients for the relationships among inbred 
traits showed that a higher number of significant correlations occurred 
at the lowest fertility rate (O kg N/ha). Additionally, the correlations 
tended to have a higher value at 0 kg N/ha compared with other fertility 
I6l 
rates. The number of significant correlations decreased with the increased 
rates of nitrogen up to l80 kg/ha, but there was an increase of signif­
icant correlations at the 2h0 kg/ha rate. Although the significant cor­
relations at 2i+0 kg W/ha were generally of a smaller magnitude compared 
with 0 kg N/ha, the differences were not large in some instances. Corre­
lations for inbred plant, ear, and grain traits with inbred YIELD were 
only slightly affected by nitrogen fertility. Moderate levels of nitrogen 
fertility should, therefore, be adequate in the development of inbred 
lines for grain yield. 
The effect of nitrogen fertility on the relationships among single-
cross plant, ear, and grain traits was not as obvious as with relation­
ships among inbred traits. In general, slightly higher significant cor­
relations were obtained at 0 or 60 kg N/ha. The only single-cross trait 
observed to have a consistent relationship with single-cross yield was 
ear length. 
Relationships of inbred traits with single-cross traits were also 
only slightly affected by nitrogen fertilization. Significant correla­
tions involving inbred plant traits were about equally distributed among 
the various single-cross plant, ear, and grain traits at the lower fer­
tility levels. At higher fertility levels, however, inbred plant traits 
showed a better relationship with single-cross plant traits. Conversely, 
inbred ear and grain traits showed more significant correlations with 
single-cross ear and grain traits at higher fertility levels. In general, 
correlations of inbred traits with the same trait in the single cross 
were not affected by nitrogen fertilization. There was little or no 
162 
relationship between simple correlations involving inbred plant, ear, 
and grain traits with single-cross grain yield. 
The estimates of coefficients of multiple correlations between the 
inbred traits and hybrid yield were highest when all inbred traits were 
correlated with hybrid yield. Additionally, the highest correlations 
were observed at either the 0 or 2Uo kg/ha levels of applied nitrogen. 
Inbred plant traits seemed to account for most of the variability in 
single-cross yield at 0 kg H/ha. Conversely, inbred ear and grain traits 
accounted for more of the variability at 2h0 kg N/ha. These data indicat­
ed a higher predictive value for single-cross yields if the data were ob­
tained either in an environment which imposes a nitrogen deficiency or in 
an environment where nitrogen fertility was above the amount needed for 
maximum hybrid grain yield. Inflated estimates for certain simple cor­
relations and multiple correlations at 0 kg W/ha may have occurred because 
of peculiar distributions of values. Regardless of the fertility level 
used for inbred evaluation, however, testcrosses will still need to be 
evaluated to determine which lines are to be continued in the breeding 
nursery because visual selection of inbred lines alone would not be ade­
quate. High genotype x nitrogen interactions for most traits indicated 
that final evaluations should be conducted at fertility levels that 
maximize the response of the trait in interest. 
Experiment 20 
There were three basic objectives for Experiment 20 concerning the 
effect of nitrogen fertilizer on inbred performance. The first objective 
was to determine if a preplant in conjunction with a sidedress 
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application of nitrogen fertilizer during the growing season would result 
in higher grain yields than would a single preplant application at plant­
ing. The second objective was to determine the rate of application that 
gave maximum grain yield. The third objective was to determine if dif­
ferences in response among inbred lines existed with respect to time and 
rate of nitrogen application. 
Ten selected inbred lines of maize (B73, A663, B76, MolT, A632, B70, 
BT5» NTA, BTTj and Va26) were used in this study. These lines in the past 
or at present have been utilized for commerical (single cross) production. 
The inbred lines were evaluated in four environments and data were col­
lected for 13 traits. The traits measured were in common with those 
measured in Experiment l8 except that PLA and TILLN were not measured. 
The experimental design was a split-plot where the main plots consisted of 
nitrogen fertility rates. The rates included a check (O kg/ha), three 
levels of preplant nitrogen (60, 120, l80 kg/ha), and three levels of 
preplant-sidedress nitrogen (30-30, oO-oO, 90-90 kg/ha). 
The data indicated that the preplant and preplant-sidedress applica­
tions of nitrogen fertilizer caused the same effects on inbred perform­
ance. This was observed to be true for all inbred traits measured in 
this experiment. The data from Ames. 1978» however, showed higher yields, 
although not significant, for the preplant-sidedress nitrogen fertiliza­
tion than for the single preplant application. It was suggested that un­
favorable environmental effects may have masked the advantage of a split 
application of fertilization at this and the other locations. Further 
experimentation would be required to ascertain this possibility. 
i6k 
Conclusions pertaining to the rate of nitrogen needed to obtain max­
imum grain yield, and whether genotypic differences vere present for this 
rate, should also be considered as preliminary because discussion vas 
based mainly on the results from one environment (Ames, 1978). The data 
from this environment, however, indicated that inbred A663 did not respond 
to nitrogen fertilization, suggesting that genetic deficiencies were the 
limiting factors for grain yield. Inbreds B73, BT6, B70, and N7A reached 
maximum yield at approximately 120 kg K/ha. Inbreds Mol7, A632, B75, B77, 
and Va26 appeared to be approaching maximum yield at l80 kg N/ha because 
the increase in grain yield between 120 and l80 kg N/ha was less compared 
with other fertility levels. The greatest increase in grain yield was 
obtained with the first increment of nitrogen (60 kg/ha) and subsequent 
increases were relatively small in most instances. A slight increase in 
grain yield at higher fertility levels may not be economically feasible 
because of cost factors. In general, the increase in grain yield, as af­
fected by nitrogen fertilizer, was accounted for by heavier and. a larger 
number of seeds. The slight yield advantage at Ames, 1978 with a pre-
plant-sidedress application of nitrogen fertility was accounted for mainly 
by increases in ear length resulting in more seeds being produced. 
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Table Al. Listing of plant materials for Experiment l8 
Entry Pedigree Entry Pedigree 
number number (SSS-) number number (SSS-) 
1 018 31 215 
2 151 32 003 
3 126 33 216 
U 030 34 163 
5 198 35 177 
6 107 36 108 
7 li+l 37 191 
8 102 38 091 
9 021 39 232 
10 015 4o 036 
11 155 41 018 X 151 
12 156 42 126 X 030 
13 074 43 198 X 107 
lU 084 44 l4l X 102 
15 131 45 021 X  015 
16 l81t 46 155 X 156 
17 230 47 074 X  084 
18 170 48 131 X  184 
19 2kk 49 230 X  170 
20 081 50 244 X  081 
21 059 51 059 X 013 
22 013 52 158 X  096 
23 096 53 239 X 039 
2k 158 54 043 X  135 
25 239 55 113 X  100 
26 039 56 215 X 003 
27 043 57 216 X 163 
28 135 58 177 X 108 
29 113 59 191 X 091 
30 100 60 232 X 036 
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Table A2. Listing of plant materials for Experiment 20 
Entry 
number Inbred. 
1 B73 
2 A663 
3 B76 
k  Mol7 
5 A632 
6 B70 
7 B75 
8 N7A 
9 B77 
10 Va26 
Table A3. Inbred means for plant, ear, and grain traits at Ankeny 1976 
for Experiment l8 pooled over entries 
Nitrogen Means 
applied (kg/ha) PLHT ERHT PLA EL ED 
0 161.1 70.2 49.8 12.3 4.0 
6o 157.6 69.5 51.2 12.7 4.0 
120 158.7 68.k 52.2 12.6 4.0 
l8o 157.0 67.6 52.4 12.2 4.0 
2k0 158.4 68.5 51.9 12.2 4.0 
h ns ns 0.53 ±0.18 
ns ns 
b q ns ns -0.35±O.lk  ns ns 
ns ns 2.0 ns ns 
L.S.D.,10 ns ns 1.4 ns ns 
a 1 Values were multiplied by 10 . 
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Means 
KD SP YIELD KW EPP TILLif PROT 
0.68 0.73 35.k 71.0 0.9 1.6 11.12 
0.70 0.75 36.0 71-0 0.9 1.9 11.55 
0.69 0.7k 35.0 71.8 0.9 2.1 12.04 
0.70 0.74 3k.0 71.3 0.9 2.3 12.27 
0.69 0.7% 33.5 71.9 0.9 2.4 12.31 
ns ns ns ns ns 0.39±0.O8 0.31+0.06 
ns ns ns ns ns ns ns 
ns ns ns ns ns ns 0.95 
ns ns ns ns ns ns 0.76 
Table Ah.  Inbred means for plant, ear, and grain traits at Ames 1978 
for Experiment l8 pooled over entries 
Means iVX ox V&Cii 
applied (kg/ha) ADITH SILK PSSI PLHT 
0 31.5 37.0 5.8 166.8 
60 29.k 33.2 3.8 175.4 
120 29.1 32.U 3.3 175.9 
180 29.0 32.7 3.8 175.2 
2k0 29.h  32.5 3.1 175.0 
\ -O.i+7 ± 0. 11 -0.93 ± 0.18 -0.55 ± 0. 11 1.62 ±0. 6k 
b q 0.39 ± 0. 08 0.60 ±0.12 0.27 ± 0. 07 -1.3U± 0. U8 
L.S.D.^05 1.0 2.3 1.1 5.9 
L.S.D. 0.8 1.7 0.9 4.8 
ITT 
Means 
ERHT PLA EL ED KD 
80.3 50.3 T.l 3.1 0.42 
83.8 54.2 9.5 3.6 0.51 
84.5 56.6 10.2 3.6 0.54 
84.2 56.6 11.4 3.T 0.54 
82.6 56.4 9.8 3.6 0.54 
ns 1.4T ± 0.31 0.T3 ± 0.02 0.12 ± 0.02 0.03 + 0.006 
-0.80 ± 0.23 -0.T6± 0.26 -0.53 ± 0.02 -0.0T± 0.02 -0.01± 0.004 
2.7 3.2 1.1 0.2 0.06 
2.2 2.6 0.9 0.1 0.05 
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Table AU. (continued) 
Means 
SP YIELD KW EPF TILLN* PHOT 
0.60 11.1+ 50.2 0.7 1.0 9.83 
0.69 19.1 55.3 0.8 2.1 10.31 
0.70 22.8 57.2 0.9 2.3 11.72 
0.71 2h.O 56.9 0.9 1.9 12.19 
0.70 22.6 55.8 0.8 2.5 12.18 
0.02 z 0. 
CM 0 
0
 2.73 ±0. 37 1.27 ± 0. 53 0.04 + 0 .01 0.30 ±0.10 0 . 6 6  ± 0.09 
0
 
+1 1—1 0
 
0
 1 003 1
 
H
 CD
 
1+
 
0
 
23 -1.05 ± 0. 36 -0.03 ± 0 .007 -0.11 + 0.06 ns 
0.03 3.0 3.9 0.1 0.6 0.96 
0.03 2.U 3.2 0.1 0.5 0.75 
Values were multiplied by 10 . 
Table A5. Inbred means for plant, ear, and grain traits at Atomic 
Energy 19T8 for Experiment l8 pooled over entries 
Nitrogen Means 
applied (kg/ha) PLHT ERHT PLA EL 
0 IUT.5 6k.6 46.9 6.0 
60 148.1 64.3 48.3 6.3 
120 15^.0 68.6 50.1 7.4 
180 155.3 70.4 50.0 7.4 
2U0 155.0 70.5 50.0 8.0 
\ 2.22 ± 0.72 1.77 ± 0.33 0.80 ± 0.22 0.49 ± 0.22 
b q ns ns ns ns 
L.S.D.^05 ns 4.2 2.3 ns 
L.S.D. 6.0 3.4 1.9 ns 
Values were multiplied by 10^. 
l8o 
Means 
ED KD SP YIELD KW EPF TILLN^ 
2.9 0.39 0.52 7.8 44.2 0.6 0.6 
3.0 0.38 0.53 8.6 43.4 0.6 0.7 
3.1 0.42 0.58 10.6 43.6 0.7 0.7 
3.2 0.^5 0.61 10.7 42.2 0.7 0.8 
3.2 0.50 0.58 10.6 42.6 0.7 1.0 
0.10 ± o.oU 0.03 ± 0.009 0.02 ± 0.008 0.78 ± 0.31 ns ns ns 
ns ns ns ns ns ns ns 
ns ns ns ns ns ns ns 
ns 0.7 ns ns ns ns ns 
Table A6. Inbred means for plant, ear, and grain traits for Experiment 
18 pooled over nitrogen levels and entries 
Means 
Environment ANTE SILK PSSI PLHT ERHT PLA 
Ankeny 1976 158.6 68.8 51.5 
Ames 1978 29.7 33.6 4.0 173.7 83.1 5^.9 
Atomic Energy 1978 152.0 67.7 U9.0 
L.S.D.^05 — 6.3 2.5 1.1 
L.S.D._io 5.0 2.0 0.9 
Values were multiplied by 10^. 
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Means 
EL ED KD SP YIELD KW EPF TILLN®" PROT 
12.1+ 4.0 0.69 0.74 34.8 71.3 0.9 2.1 11.86 
9.6 3.5 0.51 0.68 20.0 55.1 
O
O
 O
 2.0 11.24 
7.0 3.1 0.42 0.56 10.0 43.2 0.6 0.8 — 
1.3 0.2 0.06 0.04 2.6 2.7 0.1 0.5 0.67 
1.0 0.2 0.05 0.03 2.1 2.2 0.1 0.4 0.53 
Table AT- Analyses of variance for inbreds at Ankeny 1976 for Experi­
ment 18 
Source df 
Mean 
PLHT 
squares 
EEHT 
Replications (R) 2 (1)* iii+7.58 54.63 
Nitrogen (K) (U) 289.72 129.17 
(linear) 1 (1) kl2 .kh  358.17 
(quadratic) 1 (1) U08.57 105.69 
(deviations) 2 (2) 168.93 26.41 
Error a 8 (4) U15.IO 159.44 
Genotypes (G) 39 (39) 6551.k6** 2388.29** 
G X N 156(156) 36.26 29.40* 
G X  39(39) 66.70** 27.18 
G X N q 39(39) 2k.06 27.24 
G X K, d 78(78) 27.14 31.59* 
Error b 390(195) 33.97 22.79 
Total 599(399) 467.09 181.17 
C.V.% 3.68 6.94 
degrees of freedom for PROT. 
^Mean squares were multiplied by 10^. 
c 2 Mean squares were multiplied by 10 . 
Mean squares 
PLA EL ED^ KD^ SP^ 
h9.23 ko.06 6.12 1.02 1.17 
130.72* 6.42 0.31 0.05 0.27 
339.66* 6.03 0.42 0.04 0.05 
182.73t 9.63 0.34 0.13 0.06 
0.2U 5.01 0.24 0.15 0.48 
32.48 6.50 0.83 0.17 0.47 
1762.50** 134.74** 16.54** 2.39** 8.86** 
12.50 6.65t 0.77* 0.11 0.62** 
17.59* 8.93** 1.05** 0.13 0.94** 
12.77 6.76 0.55 0.10 0.72** 
9.82 5.45 0.99** 0.10 0.4l 
11.22 0.57 G. JLJ- r \  V . J 1 
126.78 14.29 1.69 0.26 0.99 
6.50 18.73 6.01 15.05 8.19 
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Table AT. (continued) 
Mean squares 
YIELD KW EPP TILLN PROT 
592.71 
122.UO 
394.56 
38.76 
28.14 
75.97 
2407.40** 
92.10** 
173.02** 
71.54 
61.92 
56.82 
221.53 
21.67 
77.15 
20 .43 
6.42 
18.93 
28.18 
90.13 
2093.62** 
22.18 
37.31t 
35.12 
8.14 
27.21 
161.41 
7.30 
0.48 
0.18 
0.23 
0.66 
0.00 
0.31 
5.97** 
0.33** 
0.53** 
0.36** 
0.21 
0.22  
0.63 
16.57 
7.88 
12.27 
47.19* 
l.l4 
0.37 
3.07 
248.20** 
3.58** 
6.58** 
2.36 
2.69 
2.37 
18.79 
50.34 
3.15 
20.91* 
76.98** 
5.9k 
0.00 
2.32 
12.67** 
1.87** 
2.52** 
1.52* 
1.72** 
0.98 
2.69 
8.35 
Table A8. Analyses 
18 
of variance for inbreds at Ames 1978 for Experiment 
Mean squares 
Source MTK SILK PSSI 
Replications (R) 2 (1)* 31.53 2.3k  21.08 
Nitrogen (N) 4 (4) 135.86** I+UI1.76** 99.37** 
(linear) 1 (1) 26^.15** 1039.7k** 359.70** 
(quadratic) 1 (1) 250.71** 596.b3** 123.2k** 
(deviations) 2 (2) IÀ.29 77.k3t 0.00 
Error a 8 (4) 11.28 23.13 12.1k 
Genotypes (G) 39 (39) 63.26** 9k.19** 39.01** 
G X N 156(156) 3.15** 10.68** 10.88** 
G X N* 39(39) 6.31** 21.37** 10.73 
G X ÎÎ Q 39(39) 2.17 9.29 k.o6 
G X K, d 78(78) 2.06 6.03 Ik.36** 
Error b 390(195) 2.0k 6.73 8.00 
Total 599(399) 7.0k 16.60 11. k8 
C.V.% U.81 7.73 72.83 
^Degrees of freedom for PROT. 
^Mean squares were multiplied by 10^. 
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Mean sqtiares 
PLHT ERHT PLA EL ED KD"*^ 
U67A5 552.uu 89.49 55.19 0.53 3.13 
178U.i+9** 350.66** 898.37** 298.53** 7.28** 3.49** 
3152.85* 286.95 2587.32** 647.10** 17.73** 9.4l** 
3028.1k* 1085.13** 982.80* 481.29** 9.57** 4.02** 
1+78. H8 15.28 11.68 32.86 0.91 0.26 
377.60 76.83 114.53 12.83 0.30 0.32 
6818.12** 2596.19** 655.62** 92.88** 3.13** 2.07** 
87.08** 49.85* 13.46 17.67 0.44** 0.27** 
171.63** 86.61** 16.49 20.23t 0.60** 0.44** 
72.52 52.93 13.60 10.43 0.43t 0.17 
52.08 29.93 11.87 5.21 0.21 0.23 
5U.I+I 39.66 13.72 14.83 0.31 0.19 
520.5k 213.05 62.95 22.65 0.57 0.36 
k.25 7.58 6.75 39.99 15.73 26.61 
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Table A8. (continued) 
Mean squares 
SP^ YIELD KW EPP^ TILLN PROT 
0.05 28.98 478.39 1.01 20.86 42.09 
2.25** 3167.22** 964.62** 8.o4** 44.89** 97.21** 
k .J2** 89^7.05** 1945.92* 19.93** 108.60** 346.02** 
3.66** 3699.81** 1838.16* 11.89** 21.39t 21.12 
0.31 11.01 37.20 0.17 24.78* 10.85 
0.09 82.58 133.23 0.51 3.02 4.69 
1.14** 678.57** 1665.57** 4.00** 133.34** 4.50** 
0.18** 73.91** 162.65** 0.72** 6.05** 1.74** 
0.29** 122.60** 291.21** 1.38** 12.39** 2.38** 
0.20** 51.04 170.52** 0.66** 5.50** 2.01** 
0.11 61.00* 94.43 0.4l 2.78 1.28* 
0.11 40.44 85.28 0.33 2.98 0.88 
0.21 112.11 216.14 0.73 12.61 2.68 
15.16 31.80 16.77 22.09- 58.37 8.35 
Table A9. Analyses of variance for inbreds at Atomic Energy 1978 for 
Experiment 10 
Mean squares 
Source df PLHT ERHT pLA EL 
Replications (R) 2 1392.13 326.24 39.58 165.30 
Nitrogen (N) 4 1780.91 1098.80* 243.28* 78.68 
N (linear) 1 5902.11* 3774.72** 768.84** 288.81* 
N (quadratic) 1 345-18 21.15 171.72 2.l6 
(deviations) 2 438.17 299.66 16.28 11.87 
Error a 8 605.06 198.32 60.89 48.45 
Genotypes (G) 39 4478.20** I805.7O** 56$.46** 114.21** 
G X ÏÏ 156 108.24t 71.11* 16.35 16.34 
G X N 39 105.72 49.39 15.18 27.59** 
G X N 39 156.03** 68.19 20.62 22.34* 
G X  N 78 85.60 83.43* l4.80 7.71 
Error b 390 91.35 56.28 16.95 15.14 
Total 599 403.85 183.81 4.26 23.27 
C.V.% 6.29 11.09 8.39 55.29 
^Degrees of freedom were multiplied by 10^. 
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Mean squares 
ED KD^ SP YIELD KW EPP^ TILLÏÏ 
4.87 1.57 2.95 398.41 603.37 8.33 9.70 
3.08 2. Bit 1.47 222.79 81.60 2.68 3.87 
11.91* 10.32* 4.29* 723.96* 249.00 6.62 13.47 
0.18 0.96 0.54 107.91 3.33 2.62 0.81 
0.11 0.00 0.52 29.64 37.03 0.74 0.60 
1.70 0.9k 0.74 107.90 319.98 2.27 1.90 
7.49** 2.47** 3.98#* 524.65** 1971.26** 8.27** 28.52** 
0.79 0.38 0.37* 21.61 166.54 0.52 3.15** 
0.95t 0.48 0.44t 30.13 201.88 0.69t 7.43** 
0.91 0.40 0.30 29.08 251.72* 0.53 2.62* 
0.65 0.32 0.37 14.54 106.28 0.43 1.27 
0.69 0.42 0.28 22.13 169.89 0.48 1.67 
1.20 0.57 0.57 58.46 289.16 1.07 3.85 
26.90 48.27 29.91 48.67 30.16 33.67 73.00 
Table AlO. Single-cross means for plant, ear, and grain traits at Ames 
1976 for Experiment I8 pooled over entries 
Means iMitrogen 
applied (kg/ha) AIÎTH SILK PSSI PLHT ERHT 
0 24.9 29.4 4.4 172.4 68.6 
60 23.4 27.1 3.8 175.5 73.4 
120 23.4 27.1 3.7 175.4 73.3 
180 24.5 28.3 3.8 170.5 72.3 
240 24.7 28.5 3.8 181.2 79.0 
\ ns ns ns ns 1.98 ±0.59 
b q 0.32 ± 0.10 0.43 ± 0.l4 ns ns ns 
L.S.D.^05 ns ns ns ns 6.0 
L.S.D.^10 1.0 1.4 ns ns 4.8 
Values were multiplied by 10^. 
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Means 
EL ED KD SP YIELD KW EPF TILLN* 
15.4 4.3 0.84 0.80 60.1 68.5 1.0 0.3 
15.9 4.4 0.86 0.80 64.4 68.4 1.0 1.1 
16.2 4.4 0.84 0.79 65.1 65.7 1.0 2.0 
15.4 4.3 0.81 0.80 56.4 61.1 1.0 2.3 
16.T 4.5 0.88 0.80 69.0 67.3 1.0 2.3 
LT
V 0
 
0
 
+1 0
 
CM 0
 0.03 ± 0.01 ns ns 0.98±0.52 0.98±0.42 ns 0.51 ±0.21 
ns ns ns ns ns 0.77 ± 0.l4 ns ns 
0.5 0.1 ns ns 5.5 4.12 ns 1.2 
0.4 0.1 ns ns 4.4 3.35 ns 1.5 
Table All. Single-cross means for plant, ear, and grain traits at 
Ankeny 1976 for Experiment l8 pooled over entries 
Nitrogen Means 
applied (kg/ha) PLHT ERST PLA 
0 212.6 100.3 62.3 
60 214.5 105.3 67.k 
120 212.5 101.5 69.k 
180 208.5 100.6 69.5 
2U0 208.4 98.9 70.2 
b, -1.1+1+±0.76 -0.76 ±0.32 1.80 ± 0 . 3 3  
b ns -0.76 ±0.26 -0.76 ±0.27 q. 
L.S.D. ns 3.2 3.3 
L.S.D. ns 2.6 2.7 
Means 
EL ED KD SP 
15.6 h.G 0.91 0.81 
16.8 h.J  0.97 0.83 
16.9 h. l  0.96 0.83 
16.6 4.7 0.96 0.82 
16.9 k .Q 0.97 0.82 
0.2k± 0.09 0.04±0.007 0.01± 0. 003 ns 
-0.16 ± 0.06 -0.02±0.005 -0.01± 0. 002 -0.04±0.01 
0.8 0.1 0.04 ns 
0.7 0.1 0.03 ns 
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Table All. (continued) 
Means 
YIELD KW EPF TILLN^ PROT 
TU.li 76.7 1.0 1.3 8.U3 
86.9 78.6 1.0 1.7 8.49 
88.2 79.6 1.0 3.1 9.88 
85.3 80.k 1.0 2.6 9.87 
88.7 80.2 1.0 2.8 10.11 
2.70 ± 0.60 0.90 ±0.22 ns o.uo ± 0.07 0.1+7 ± 0.06 
-1.61± o.Uo -0.31± 0.12 ns -0.16 ± 0.07 ns 
5A 2.0 ns 0.7 O.7U 
U.U 1.6 ns 0.6 0.57 
Values were multiplied by 10^. 
Table A12. Single-cross means for plant, ear, and grain traits at Ames 
1978 for Experiment 18 pooled over entries 
Means 
Nitrogen 
applied (kg/ha) AIÎTH SILK PSSI PLHT 
0 29.0 33.7 4.8 218.6 
60 26.3 29.0 2.7 236.8 
120 25.7 27.7 1.9 235.0 
180 25.7 28.2 2.5 232.1 
21+0 25-8 29.0 3.2 233.1 
\ 0.70 z 0.13 -1.03± 0.33 ns 2.43 ±1.22 
t q 
0.1+U ± 0.10 0.92 ± 0.25 O.i+9 ± 0.20 -2.5U± 1.04 
L.S.D._05 1.3 2.9 ns ns 
L.S.D. 1.1 2.3 ns 1.0 
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Means 
ERHT PLA EL ED KD 
113.8 58.3 10.0 3.6 0.57 
120.9 66.4 13.1+ 4.1 0.69 
116.5 72.3 15.4 4.4 0.79 
116.3 73.0 15.9 4.4 0.83 
114.9 72.9 15.2 4.5 0.84 
ns 3.58 ± 0. 52 1.28 ± 0. 15 0.20 ± 0.02 0.66 ± 0. 
0
 
0
 
-0.91± 0.36 -1.53 ± 0. J+1 -0.69 ± 0. 12 -0.08± 0.01 
0
 
+1 OJ 0
 
0
 1 003 
ns 5.2 1.4 0.2 0.07 
3.7 U.2 1.2 0.1 0.05 
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Table A12. (continued) 
Means 
SP YIELD KW EPF •TILLN^ PF.OT 
0.73 24.7 55.6 0.9 0.4 7.37 
0.78 44.5 56.8 0.9 1.6 7.42 
0.79 63.7 65.2 1.0 3.2 8.54 
0.80 67.2 66.0 1.0 2.9 9.35 
0.80 65.2 68.8 1.0 4.9 9.80 
0.17 ± 0.01 10.38 ± 0 .97 3.56 ±1.35 0.22 ± 0 .007 l.o4± 0.20 0.68± 0-11 
-0.01± 0.009 -4.25 ± 0 .75 ns 
0
 
+1 H 
0
 
0
 1 .005 ns ns 
0.00k 9.3 3.7 0.1 1.5 1.35 
0.003 7.5 3.0 0.1 1.3 1.04 
Values were multiplied by 10^. 
Table A13. Single-cross means for plant, ear, and grain traits at Atomic 
Energy 1978 for Experiment l8 pooled over entries 
Means 
applied (kg/ha) PLHT ERHT PLA EL ED 
0 209.9 98.2 62.2 11.4 3.9 
6o 215.8 100.3 65.8 13.6 4.2 
120 216.7 99.7 66.6 14.5 4.4 
l80 216.8 102.6 67.6 14.4 4.4 
2i+0 217.5 lOi+.O 67.2 l4.0 4.3 
.61± 1.02 1.37+0.56 1.17 ± 0. 31 0.59 i 0.32 0 • iu i 0 . 06 
b q ns ns -0.55 ± 0. 28 -0.45± 0.26 -0.07± 0 .05 
L.S.D.^05 ns 4.0 2.2 0.8 0.2 
L.S.D.^10 i+.5 3.2 1.8 0.6 0.1 
Values were multiplied by 10^. 
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Means 
KD SP YIELD KW EPF TILLN^ 
0.63 0.7k 30.5 56.0 0.9 0.3 
0.75 0.79 itli.O 56.6 1.0 0.5 
0.78 0.78 50.0 57.3 1.0 0.9 
0.76 0.79 50.6 57.2 1.0 0.6 
0.75 0.79 48.2 56.5 1.0 0.9 
0.03 + 0 .01 Q.Ol ± 0 .01 h . 21 ± C. ht. ns r\ j- r\ w • v_l ^  v • 02 0.13 10.11 
0
 
+1 CVJ 0
 
0
 1 .01 1 0
 
0
 
H
 
1+
 0
 
.009 -2.66 ± 0. 37 ns -0.01 ± 0. 01 ns 
0.07 0.02 k.6 ns 0.03 ns 
0.06 0.01 3.7 ns 0.02 ns 
Table AlU. Single-cross means for plant, ear, and grain traits for Ex­
periment 18 pooled over nitrogen levels and entries 
Means 
Environment ANTH SILK PSSI PLHT ERHT PLA 
Ames 1976 2U.2 28.1 3.9 175.0 73.3 
Ankeny 1976 — 211.3 101.3 67.7 
Ames 1978 26.5 29.$ 3.0 231.1 116.5 68.6 
Atomic Energy 1978 215.3 101.0 65.9 
L.S.D.^05 1.5 l.U 0.7 5.0 3.1 ns 
1.1 1.1 0.5 4.0 2.5 1.7 
Values were multiplied by 10^. 
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Means 
EL ED KD SP YIELD KW EPP TILLN^ PROT 
15.9 U.l l  0.85 0.80 63.0 66.2 1.0 1.6 — 
61.5 k.7 0.95 0.82 84.7 79.1 1.0 2.3 9.36 
l i+.O 4.2 0.7k 0.78 53.1 62.5 1.0 2.6 8.50 
13.6 k . 2  0.74 0.78 44.7 56.7 1.0 0.6 — 
1.0 0.1 0.03 0.00k 5.4 1.5 0.03 0.7 0.17 
0.8 0.1 0.02 0.003 4.4 1.2 0.03 0.6 0.11 
Table AI5. Analyses of variance for single crosses at Ames 1976 for 
Experiment 18 
Mean squares 
Source df MTK SILK PSSI PLHT ERHT 
Replications 2 1+0.72 65.80 6.14 643.80 248.91 
Nitrogen (K) U 33.i+0t 55.70t 5.57 991.75 843.07* 
(linear) 1 2.67 2.40 10.14 939.00 2362.95** 
(quadratic) 1 88.08* : 152.58* 8.79 463.23 39.99 
(deviations) 2 21.42 33.91 1.67 1282.38 484.17 
Error a 8 9.5k 17.01 3.98 445.79 202.51 
Genotypes (G) 19 9.62** 23.09** 9.60** 1960.68** 759.70** 
G X N 76 1.21 2.83 1.72 40.25 26.19 
G X N ^  19 1.24 3.71 2.15 70.83t 36.85 
G X W q 19 0.70 2.09 1.73 36.02 20.59 
G x N ,  d 38 1.45 2.76 1.50 27.07 23.66 
Error b 190 1.58 2.60 1.61 43.70 28.38 
Total 299 2.89 5.48 2.29 1980.52 91.33 
C.V.% 5.20 5.74 32.48 3.78 7.27 
^ean squares were multiplied by 10^. 
^Mean squares were multiplied by 10^. 
c 3 Mean squares were multiplied by 10 . 
20h 
Mean squares 
EL ED®" KD» SP^ YIELD KW EPP^ TILLIÎ 
0.53 0.72 1.76 0.43 128.09 166.90 0.34 16.4l 
17.95** 4.93f 4.30 0.30 14I8.23** 566.31* 0.39 44.87** 
23.31** 6.53* 1.13 0.00 574.32t 571.92* 0.24 155.25* 
1.17 2.27 4.29 1.19 216.78 497.43 0.23 22.59 
23-66** 5.46* 5.89 0.00 2440.91** 597.94* 0.54 0.82 
1.34 0.84 2.13 1.10 166-63 90.13 0.23 2.71 
22.45** 7.94** 6.64** 4.44** 560.79** 669.63** 0.57** 146.49** 
I-08 0.4l* 1.28** 0.65 82-25 41.54 0.21 11.96** 
1.28 0.37 0.76 0.28 72.13 45.2lt 0.12 27.77** 
1.20 0.50* 1.97** 0.69 79.89 54.12* 0.20 10.66** 
0.92 0.38 1.19* 0.81/ 88.49 33.41 0.26* 4.70t 
1.09 0.30 0.82 0.55 78.37 28.92 0.17 3.29 
2.67 0.89 1.39 0.83 130.63 82.59 0.21 15.22 
6.56 3.93 10.69 2.93 14.05 8.12 4.12 69.37 
Table Al6. Analyses of variance for single crosses at Ankeny 1976 for 
Experiment l8 
Mean squares 
Source ai PLHT ERHT PLA EL 
Replications 
Nitrogen (W) 
(linear) 
(quadratic) 
2 (1)* 172.70 168.63 15.02 13.95 
(1+) i|l;U.8o 35k.6k* 626.50** 17.84* 
1 (1) 1236.69t 348.69* 1935-39** 35-22* 
1 (1) 155.13 484.89* 485-34* 21.45* 
(deviations) 2 (2) 193.69 486.18* 42.63 7.34 
Error a 8 (4) 336.03 54.80 62.67 3-30 
Genotypes (G) 19 (19) : 2907.65** 989.34** 382.66** 34.73** 
G X N 76 (76) 32.77+ 23.04 13.79 2.31* 
G X %% 19(19) 32.75 24.17 16.60 3.07* 
G X N q 19(19) 38.95+ 19.10 12.15 
1.44 
G X Na 38(38) 29.69 24.44 13.20 2.36t 
Error b 190 (95) 24.25 18.71 14.89 1.61 
Total 299(199) 224.61 87-95 47.44 4.24 
C.V.% 2.33 4.27 5.70 7.68 
degrees of freedom for PROT. 
^Mean squares were multiplied by 10^. 
c 2 Mean squares were multiplied by 10 . 
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Mean squares 
ED^ KD^ SpC YIELD KW EPPC TILLU PROT 
1.1+6 0.27 0.01+ 1+1+0.12 7.51 0.24 30.31 0.25 
3.31** 3.10** 
00 0
 2100.06** 142.32* 0.27 35.03** 27.19** 
9. i+ij.** 5.61* 0.13 1+360.95** 485.43** 0
 
0
 
H
 94.41** 89.92** 
2.33* 3.1+7i 1.30t 2169.75** 81.27* 0.63 20.73t 3.14 
0.73 1.66 O.2I+ 934.78* 1.29 0.22 12.49t 7.85* 
0.30 0.84 0.16 154.05 20.63 0.47 1.44 1.51 
$.67** i+.i5** 2.37** 864.05** 399.89** 0.60** 130.56** 2.44** 
0.21 0.U9 0.18** 103.28 18.08 0.39** 5.69* 1.03 
0.18 0.38 0.20+ 150.10* 30.77 0.59** 5.70t 0.71 
0.13 0.1+1+ 0.22* 68.63 12.37 0.34t 6.49* l.l6t 
0.26 0.57 0.15 97.19 14.59 0.31+ 5.28t 1.12* 
0.19 0.53 0.13 85.62 20.81 0.22 3.85 0.71 
O.oO 0.79 0.29 170.72 45.74 0.29 12.90 1.55 
2.9k 7.62 4.37 10.93 5.77 4.74 58.96 9.04 
Table AIT. Analyses of variance for single crosses at Ames 1978 for 
Experiment l8 
Mean squares 
Source df AWTH SILK PSSI PLHT 
Replications 2 (1)* k5.23 12.12 13.66 1442.90 
Nitrogen (N) 4 (M 119.27** 351.95** 68.47 3136.46t 
(linear) 1 (1) 292.59** 634.47* 65.34 3530.79t 
N (quadratic) 1 (1) 160.35** 718.71* 200.13* 5415.78* 
(deviations) 2 (2) 12.07 27.31 4.20 1799.63 
Error a 8 (4) 9.72 46.10 26.41 862.73 
Genotypes (G) 19 (19) 13.60** 32.55* 35.77* 2360.26** 
G X N 76 (76) 1.73 19.50 20.64 56.10t 
G X Ni 19(19) 1.57 39.06** 41.74** 69.6ot 
G X N q. 19(19) 0.99 24.28 25.49 86.24* 
G X Na 38(38) 2.18 7.33 7.67 43.12 
Error b 190 (95) 1.67 18.72 18.55 44.03 
Total 299(199) U.52 24.95 21.02 266.92 
c.v.% 4.88 14.65 141.54 2.87 
degrees of freedom for PROT. 
^Mean squares were multiplied by 10^. 
c 2 Mean squares were multiplied by 10 . 
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Mean squares 
ERKT PIA EL KD^ 8P° 
562.60 321.29 65.37 7.4o O.kk 0.05 
UUl+.32t 2426.58** 347.84** 75-77** 7.35** 5.80** 
33.60 7683.12** 986.10** 250.92** 26.4o** 16.65** 
702.90* 1967.46** 4O4.34** 49.22** 2.97** 5.82** 
520.39* 27.87 0.46 1.47 0.01 0.36 
114.27 147.05 11.40 1.18 0.25 0.58 
1243.08** 425.37** l4.4l** 6.87** 0.26t 0.24t 
42.11 19.56 2.88 1.19t 0.16 0.18 
76.32** 31.41* 4.90* 1.99** 0.15 0.24t 
30.26 14.46 2.87 0.83 0.12 0.23t 
30.93 16.18 1.87 0.97 0.18 0.12 
32.61 16.55 2.61 0.88 0.17 0.15 
123.18 81.07 8.70 2.39 0.28 0.25 
4.90 5.93 11.55 7.04 17.69 5.03 
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Table Al?, (continued) 
Mean squares 
YIELD KW EPPT^ TILLK PROT 
19TT.U8 15.50 0.85 4.42 0.04 
20113.50** 2089.02** 1.07* 177.61** 48.71* 
6U592.85** 7620.5K** 2.95** 655.62** 184.96** 
15167.10** 82.02 1.21* 0.15 0.62 
3U7.O2 326.76 0.06 27.33 4.63 
1+79.82 72.87 0.22 10.44 4.64 
307.3K** 244.2k** 0.36** 64.69** 1.24t 
110.12 38.99t 0.12 9.05** 0.90 
183.85* 64.98** 0.23** 16.94** 1.37* 
92.81 25.67 0.07 4.71 0.74 
81.91 12.83 0.09 7.27** 0.74 
99.K8 29.06 0.10 3.57 0.79 
1+05.88 73.90 O.lU 11.37 1.91 
18.80 8.63 10.45 52.25 10.45 
Table Al8. Analyses of variance for single crosses at Atomic Energy 
1978 for Experiment I8 
Mean squares 
Source df PLHT ERHT PIA EL 
Replications 2 5U9.I8 81.02 3.53 27.28 
Nitrogen (N) k 57K.68 317.02* 279.17** 96.10** 
(linear) 1 1553.97* 1133.28** 827.04*# • 206.28** 
(quadratic) 1 550.1K 21.30 256.47* 172.80** 
(deviations) 2 97.30 56.75 16.58 2.66 
Error a 8 165.68 88.28 25.13 2.98 
Genotypes (G) 19 2053.50** 92.34** 415.93** 20.57** 
G X N 76 77.50 54.89 15.09 3.22 
G % NA 19 78.43 58.43 12.40 4.88 
G X N q. 19 119.66** 88.88 9.90 3.41 
G X K, d 38 55.95 36.12 19.03* 2.95 
Error b 190 57.45 62.26 11.98 2.92 
Total 299 202.49 119.34 42.31 5.53 
C.V.% 3.52 7.82 5.25 12.56 
^Mean squares were multiplied by 10 . 
^Mean squares were multiplied by 10^. 
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Mean squares 
ED* KD* spt YIELD KW Eppb TILLN 
6.27 0.k5 0.05 771.65 50.77 3.01 10.9k 
25.89** 2.1k** 2.51** kl8o.70** 17.56 6.13** k.55 
60.ko**  3.95* 5 .79*  10650.93** 17.88 Ik.10** 10.1k** 
kl.43** 3.86* 2.63* 59k6.o6** k7.70 9.21** 1.07 
G. 86 0.37 o.oi 62.91 2.33 0.60 3 .k9*  
1.19 0.25 0.10 111.83 27.20 0.33 1.22 
5.63** O.Ul** 0.73** k77.02** 263.7k** 1.56** 22.25** 
1.08 0.19* 0.38* 78.98 27.82 0.91** 0.9k 
1.89** 0 . 33**  0.67** 110.70t k2.53** 1.50** 0.67 
0.82 O.lk 0.k6* 95 .79  22.01 0.86 0.52 
0.80 0.1k 0 .19  5k. 71 23.37 0.6k 
0
0
 CM H
 
0.82 O.lk 0.25 68.93 20. k9 0.6k l.k9 
1.57 0.20 0.3k 158.27 38.15 0.85 2.77 
6.78 6 .39  6 .39  18.58 7 .98  8.32 73.91 
Table AI9. Simple correlation coefficients among 15 plant, ear, and 
grain traits for the Uo inbred lines from Experiment I8 
using data pooled over environments and nitrogen levels 
Traits AUTH^ SILK* PSSI®" PLHT ERHT PLA 
SILK 0.77** 
PSSI 0.02 0.63** 
PLHT 0.26 0.21 -0.03 
ERHT 0.35* 0.2k -0.09 0.79** 
PLA 0.20 0.38* 0.37* 0.06 0.07 
TILLN 0.09 -0.05 -0.22 0.16 0.00 -0.10 
EL -0.1k -0.36* -0.k6** 0.25 0.18 -0.25 
ED -0.27t -0.59** -0.57** 0.17 0.12 -0.17 
KD -0.32* -0.50** -o.ko** 0.13 0.13 -0.18 
SP -0.53"* -0.73** -0.52** 0.06 o.oU -0.25 
KW -0.06 -0.19 -0.20 0.23 0.21 0.17 
EPP -0.15 -0.1+7** -0.58** 0.19 0.17 -0.3U* 
PRÛT 0.20 0.36* 0.34* -0.06 -0.18 0.21 
YIELD -0.29* -0.5k** -0.53** 0.20 0.18 -0.19 
^Measured in one environment only. 
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TILLK EL ED KD SP KW EPF PROT 
0.30t 
0.26 0.52** 
0.08 0.21 
0.16 0.52** 
-0.13 -0.12 
-0.26 0.90** 
0.16 -0.31* 
0.19 0.72** 
0.80** 
0.76** 0.71** 
0.3k* 0.35* 
0.56** 0.36* 
-0.52** -0.U9** 
0.82** 0.75** 
0.28t 
0.6$** 0.00 
-O.U2** -0.10 
0.76** 0.13 
-0.32* 
0.76** -0.57** 
Table A20, Genotypic correlations among 15 plant, ear, and grain traits 
for the Uo inbred lines from Experiment l8 using data pooled 
over environments and nitrogen levels 
Traits MTH^ SILK* PSSI* PLHT ERHT PLA 
SILK 0.80 
PSSI 0.05 0.64 
PLHT 0.21 0.20 -0.01 
ERHT 0.32 0.22 -0.11 0.T9 
PLA 0.22 0.43 0.4l O.OT O.OT 
TILLN 0.13 -0.01 -0.21 O.IT 0.01 -0.08 
EL -0.22 -0.44 0.33 0.25 O.IT -0.38 
ED —0.63 -0.98 -O.TT O.IT 0.11 -0.34 
KD -O.U9 -0.65 -0.53 0.06 0.12 -0.25 
SP 
-O.TT -0.88 -0.60 0.04 0.01 0.4l 
KW -0.12 -0.21 -0.18 0.23 0.21 0.18 
EPP -0.16 -0.50 -0.62 0.19 0.16 -0.48 
PRÛÎ 0.42 0.51 0.22 -0.05 -0.21 0.39 
YIELD 
-0.35 -0.68 -O.Tl 0.22 0.18 -0.32 
^Measured in one environment only. 
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TILLN EL ED KD SP KW EPP PROT 
0.37 
0.39 0.51 
0.12 0.12 
0.30 0.48 
-0.11 -0.21+ 
0.21 0.93 
C • 25 —0. xT 
0.26 0.76 
0.76 
0.71 0.71 
0.19 0.29 
0.51 0.26 
-O.52 -0.40 
1.05 0.76 
0.17 
0.64 0.12 
-0.35 -0.03 
0.96 0.11 
-0.23 
0.86 -0.58 
Table A21. Simple correlation coefficients among 15 plant, ear, and 
grain traits for the 1+0 inbred lines from Experiment l8 using 
data pooled over environments at 0 kg N/ha 
Traits MTH^ SILK* PSSI* PLHT ERHT PLA 
SILK 0.32* 
PSSI 0.08 0.75** 
PLHT 0.21 0.16 0.01 
ERHT 0.24 0.25 
H
 
o
 
o
 0.79** 
PLA 0.28t O.ltO** 0.37* 0.02 0.02 
TILLN -0.13 -o.iu —0. l6 0.03 -0.06 -0.09 
EL -0.36* -0.U5** -0.56** 0.13 0.09 -0.37* 
ED -0.52** -0.5%** -0.5b** 0.15 O.OI+ -0.32* 
KD -O.kl** -0.L8** -0.1+9** O.lU 0.09 -0.30t 
SP -0.62** -0.51** -0.1+7** 0.03 0.00 -0.1+1** 
KW —0. l6 -0.06 -0.16 0.27t O.2I+ O.OI+ 
EPP -0.35* -0.U8** -0.62** 0.02 O.OI+ -0.1+3** 
PROt 0.32% 0.Ui** 0.1+3** -0.14 -0.14 0.21+ 
YIELD -0.37* -0.1+8** -0.5I+** 0.13 0.11 -0.23 
^Measured in one environment. 
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TILLN EL ED KD SP KW EPP PROT 
0.21 
0.24 0.67** 
0.15 0.47** 
0.17 0.69** 
-0.09 0.17 
0.16 0.93** 
-0.07 -0.55** 
0.19 0.75** 
0.85** 
0.86** 0.78** 
0.48** 0.48** 
0.70** 0,57** 
-0.54** -0.55** 
0.80** 0.81** 
0.48** 
0.80** 0.29t 
-0.56** -0.19 
0.75** 0.29t 0,76** -0.64** 
Table A22. Simple correlation coefficients among 15 plant, ear, and 
grain traits for the Uo inbred lines from Experiment l8 using 
data pooled over environments at 60 kg N/ha 
Trj.its MTH^ SILK* PSSI* PLHT ERHT PLA 
SILK 0.75** 
PSSI 0.09 0.72** 
PLHT 0.29t 0.17 -o.oU 
ERHT 0.38* 0.21 -0.09 0.75** 
PLA 0.22 0.33* 0.27t 0.13 0.11 
TILLN 0.12 -0.05 -0.20 0.17 0.02 -0.04 
EL -0.08 -0.31* -0.38* 0.23 0.22 -0.17 
ED -0.15 -0.33* -0.35* 0.11 0.16 0.03 
KD -0.34* -o.Uo** -0.26 0.08 0.12 -0.08 
SP -O.Ul** -0.52** -0.36* 0.03 0.12 -0.12 
KW 0.01 -0.09 -0.15 0.17 0.18 0.28t 
EPP -0.10 -0.35* -0.43** 0.17 0.21 -0.23 
PROT 0.14 0.17 0.11 -0.01 -0.10 0.12 
YIELD -0.30t -0.51** -0.45** 0.19 0.10 -0.17 
^Measured in one environment. 
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TILLN EL ED KD SP KW EPP PROT 
0.26 
0.23 0.U6** 
0.03 0.17 
0.09 0.50** 
-0.14 -0.16 
0.17 0.90** 
G.Oh —0.36" 
0.22 0.73** 
0.81** 
0.75** 0.71** 
0.35* 0.38* 
0.56** 0.35* 
-0.44^% -0.4lT* 
0.76** 0.71** 
0.29t 
0.67** -0.0i+ 
-0.41** 0.10 
0.77** 0-06 
-0.39* 
0.78** -0.56** 
Table A23- Simple correlation coefficients among 15 plant, ear, and 
grain traits for the i+0 inbred lines from Experiment l8 using 
data pooled over environments at 120 kg U/ha 
Traits AIITK^ SILK®" PSSI^ PLET ERHT PLA 
SILK 0.81** 
PSSI -O.OU 0.55** 
PLHT O.2I4 0.16 -0.07 
ERHT 0.29t 0.19 -0.09 0.79** 
PLA 0.13 0.2k 0.22 0.07 0.10 
TILLN 0.11 0.00 -0.15 0.17 -0.01 -0.15 
EL -O.OU -0.25 -0.37* 0.38* 0.29t -0.12 
ED -0.28t -0.51** -0.^7** 0.2k 0.18 -0,12 
KD -0.32* -0.U8** -0.36* O.Ik 0.10 -0.13 
SP -0.56** -0.68** -0.36* 0.11 0.06 -0.08 
KW -0.12 -0.19 -0.15 0.25 0.2k 0.19 
EPF -0.16 -0.36* -o.Uo* 0.29t 0,23 -O.IT 
PROT 0.07 0.18 0.21 -0.03 -0.18 0.13 
YIELD -0.2Tt -0.U9** -O.U5** 0.23 0.20 -0.06 
^Measured in one environment. 
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TILLÏÏ EL ED KD SP KW EPP PROT 
0.3k* 
0.23 0.5k* 
0.02 0.25 0.79** 
0.06 0.53** 0.70** 0.70**: 
-0.12 -0.00 0.23 0.24 0.21 
0.15 0.90** 0.39* 0.39* 0.68** 0.0k 
0.23 —0. ok -0.34* -0.36* -0.18 0.03 -0.12 
0.21 O.Tl** 0.79** 0.73** 0.77** 0.09 0.7k** 
Table A2U. Simple correlation coefficients among 15 plant, ear, and 
grain traits for the Uo inbred lines from Experiment l8 using 
data pooled over environments at l80 kg N/ha 
Traits ANTE* SILK^ PSSI* PLHT ERHT PLA 
SILK 0.7k** 
PSSI 0.00 0.67** 
PLHT 0.17 0.13 0.00 
ERHT 0.33* 0.17 -0.11 0.79** 
PLA 0.08 0.22 0.23 0.06 0.08 
TILLN 0.07 -0.06 -0.16 0.21 0.06 -0.09 
EL -0.13 -0.30t -0.30t 0.21 0.09 -0.11 
ED -0.32* -0.58** -0.51** 0.10 0.07 -0.1k 
KD 
-0.33* -0.38** -0.21 O.lU 0.16 -0.06 
SP -o.Uo** 
-0.67** -0.56** 0.12 0.05 -0.21 
KW -0.02 -0.16 -0.21 0.20 0.20 0.16 
EPF -0.07 -0.1+2** 
-0.55** 0.23 0.17 -0.27t 
PROT 0.12 0.26t 0.27t -0.08 -0.20 0.09 
YIELD -0.26 
-0.55** -0.53** 0.22 0.15 -0.14 
^Measured in one environment. 
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TILLN EL ED KD SP KW EPF PEOT 
0.33* 
0.24 0.42** 
0.08 0.l6 
0.31t 0.42** 
-0.l4 -0.22 
0.13 0.80** 
0.25 -0.26 
0.21 0.70** 
0.74** 
0.64** 0.54** 
0.26 0.20 
0.42** 0.22 
-0.42** -0.37™ 
0.72** 0.64** 
0.22 
0.49** -0.09 
-0.1b -0.23 
0.65** 0.10 
-0.21 
0.73** -0.49** 
Table A25- Simple correlation coefficients among 15 plant, ear, and 
grain traits for the 4o inbred lines from Experiment l8 using 
data pooled over environments at 2kQ kg N/ha 
Traits ANTH* SILK* PSSI®" PLHT ERHT PLA 
SILK 0.76** 
PSSI -0.17 0.52** 
PLHT 0.27t 0.20 -0.05 
EHHT 0.33* -0.26 -O.Oh 0.80** 
PLA 0.09 -0.31t 0.35* 0.03 0.05 
TILLN 0.22 o.ok -0.22 0.19 0.01 -0.13 
EL -0.2U -0.37* -0.25 0.26 0.20 -0.23 
ED -0.13 -0.38* -0.39* 0.23 0.19 -0.l4 
KD -0.17 -0.32* -0.25 0.11 0.17 -0.17 
SP -0.48** -0.70** -0.43** 0.11 0.09 -0.13 
KW -0.13 -0.25 -0.20 0.22 0.20 0.14 
EPP -0.19 -O.i+2** -0.39* 0.23 0.20 -0.28t 
PROT 0.22 0.1+1** 0.33* -0.09 -0.19 0.26 
YIELD -0.22 -0.47** -0.42** 0.19 0.22 -0.23 
^Measured in one environment. 
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TILLN EL ED KD SP KW EPP PROT 
0.16 
0.21 0.39* 
0.09 -0.06 
0.05 o.Uo* 
-0.08 -0.03 
0.04 0.80** 
O.lh -0.08 
0.10 0.60** 
0.65** 
0.72** 0.59** 
O.i+8** 0.50** 
0.42** 0.17 
-0.33* -0.39* 
0.67** 0.56** 
0.36* 
0.56** O.Ohr 
-0.34* -0.22 
0.68** 0.16 
-0.12 
0.76** -0.32* 
Table A26. Simple correlation coefficients among 15 plant, ear, and 
grain traits for the Uo inbred lines from Experiment l8 
using data at Ames 1978 at 0 kg N/iia 
Traits ANTH SILK PSSI PLHT ERHT FLA 
SILK 0.32* 
PSSI 0.08 0.75** 
PLHT 0.08 0.11 0.02 
ERHT -0.02 0.26 0.01 0.75** 
PLA 0.20 0.U1+** 0.44** —0 • 10 -0.04 
TILLN -o.o6 -0.17 -0.22 0.13 0.19 -0.16 
EL -O.iiU** -0.43** -0.56** 0.18 0.21 -0.36* 
ED -0.68** -0.46** -0.38* 0.27t 0.32* -0.44** 
KD -0.43** -0.51** -0.47** 0.25 0.23 -0.36* 
SP -0.72** -0.46** -0.41** 0.12 0.19 -0.47** 
KW -0.37* 0.01 -0.07 0.18 0.33* -0.24 
EPP -0.46** -0.48** -0.63** 0.03 0.l4 -0.46** 
PROT 0.50** 0.52** 0.46** -0.01 -0.06 0.39* 
YIELD -O.i+O* -0.54** -0.67** 0.21 0.19 -0.33* 
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TILLN EL ED KD SP Kw EPF PROT 
0.19 
0.22 0.60** 
0.10 0.1|1+** 
0.16 0.71** 
-0.07 0.15 
O.lU 0.93** 
-0.13 -0.1+0* 
0.21 0.8b** 
0.82** 
0.89** 0.69** 
0.52** 0.39* 
0.60** 0.U6** 
-0.5k** -0.56** 
0.68** 0.71** 
0.50** 
0.70** 0.23 
-0.59** -0.18 
0.72** 0.22 
-0.48** 
0.82** -0.56** 
Table A2T. Simple correlation coefficients among 15 plant, ear, and 
grain traits for the UO inbred lines from Experiment l8 using 
data at Ames 1978 at 60 kg N/ha 
Traits ANTE SILK PSSI PLHT ERHT PLA 
SILK 0.75** 
PSSI 0.09 0.72** 
PLHT 0.25 0.17 0.00 
ERHT 0.35* 0.21 -0.0k 0.78** 
PLA 0.23 0.32* 0.2k 0.03 0.05 
TILLîi 0.11+ 0.02 -0.12 O.lU 0.10 -0.05 
EL -O.OU -0.31t -O.U3** 0.21 0.22 -0.1k 
ED -0.11+ -0.35* -0.38* 0.11 -0.01 -0.07 
KD -0.37* -0.50** -0.37* 0.07 —0.05 -0.18 
SP -0.U2** -0.58** -0.uu** -0.10 -0.09 -0.20 
KW 0.19 0.12 -0.02 0.13 0.0k 0.17 
EPP -0.03 -0.33* -0.U7** 0.12 0.13 -0.19 
PROT 0.12 0.06 -0.03 0.01 -0.0k -0.1k 
YIELD -0.30t -0.63** -0.64** 0.09 0.12 -0.2k 
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TILLN EL ED KD SP KW EPP PROT 
0.18 
0.18 0.31t 
-O.OU 0.02 
-0.06 0.32* 
-0.l6 -0.24 
0.06 0.86** 
0. l8 -û.lo 
0.18 0.71** 
0.72** 
0.53** 0.65** 
0.22 0.35* 
0.37* 0.17 
-0.15 -0.15 
0.63** 0.57** 
0.l8 
0.47** -0.23 
-0.10 -0.04 
0.62** -0.06 
-0.23 
0.70** -0.20 
Table A28. Simple correlation coefficients among 15 plant, ear, and 
grain traits for the UO inbred lines from Experiment l8 using 
data at Ames 1978 at 120 kg N/ha 
Traits AKTH SILK PSSI PLHT ERHT PLA 
SILK 0.81** 
PSSI -O.OU 0.55** 
PLHT O.IT 0.13 -0.03 
ERHT' 0.28t 0.16 -0.13 0.82** 
PLA 0.12 0.26t 0.2Tt 0.01+ 0.10 
TILLN 0.12 0.06 -0.08 0.23 0.l8 -0.15 
EL -0.15 -0.29t -0.28t 0.21+ 0.27t -0.08 
ED -0.1+1+** -O.i+T** -0.17 0.22 0.13 -0.15 
KD -0.1+9** -0.51** -0.17 0.08 -0.02 -0.21+ 
SP -0.61+** -0.65** -0.21 0.01+ -0.01 -0.22 
KW -0.l6 -0.12 0.01 0.21 0.18 0.13 
EPF -0.l8 -0.3k* -0.31* 0.11+ 0.l6 -0.21 
PROT 0.15 0.16 0.05 0.10 -0.08 -0.12 
YIELD -0.36* -0.52** -0.38* 0.11+ 0.19 -0.11 
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TILLN EL ED KD SP KV7 EPF PROT 
0.23 
0.21 0.49** 
0.12 0.22 
0.08 0.i+i+** 
-O.OB -0.03 
0.11 0.88** 
0.34* 0.10 
0.2k  0.76** 
0.82** 
0.7k** 0.65** 
0.37* 0.27t 
0.49** 0.29t 
-0.06 -0.13 
0.68** 0.60** 
0.24 
0.54** 0.00 
-0.06 -0.09 
0.59** 0.01 
-0.02 
0.67** -0.11 
Table A29. Simple correlation coefficients among 15 plant, ear, and 
grain traits for the Uo inbred lines from Experiment l8 using 
data at Ames 1978 at l80 kg N/ha 
Traits AKTH SILK PSSI PLHT ERHT PLA 
SILK O.jh** 
PSSI 0.00 0.67** 
PLHT 0.08 0.09 0.04 
ERHT 0.26 0-15 -0.06 0.80** 
PLA 0.19 0.25 0.15 0.04 0.20 
TILLK 0.02 -0.04 -0.08 0.25 0.17 -0.05 
EL -0.17 -0.11 0.02 0.10 0.02 0.06 
ED -0.25 -0.U8** -0.45** 0.15 0.15 -0.l4 
KD -0.26t -O.Ul** -0.33* 0.17 0.21 -0.l6 
SP 
-0.57** -0.70** -0.42** o.ou 0.02 -0.09 
KW 0.09 o.ou -0.04 0.l8 0.l4 0.21 
EPP 0.02 -0.24 -0.38* 0.l8 0.24 -0.23 
PROT 0.0k 0.20 0.25 -0.09 -0.16 0.12 
YIELD -0.27t -0.55** -0.51** 0.26 0.26 -0.06 
233 
TILLN EL ED KD SP KW EPP PROT 
0.18 
0.27t 0.08 
0.09 -0.10 
0.03 0.09 
-0.08 -0.25 
-0.01 O.kl** 
0.34* -0.16 
0.23 0.37* 
0.70** 
0.1+6** 0.51** 
0.19 0.27t 
0.12 -0.02 
-0.25 -0.13 
0.69** 0.1+7** 
0.17 
0.03 -0.16 
-0.08 -0.30t 
0.1+5** 0.09 
-0.19 
0.53** -0.3I+* 
Table A30. Simple correlation coefficients among 15 plant, ear, and 
grain traits for the Uo inbred lines from Experiment l8 using 
data at Ames 1978 at 2k0 kg N/ha 
Traits ANTH SILK PSSI PLHT ERHT PLA 
SILK 0.76** 
PSSI -0.17 0.52** 
PLHT 0.22 0.17 -0.0^ 
ERHT 0.29t 0.23 -0.03 0.83** 
PLA 0.03 0.25 0.34* -0.03 0.06 
TILLN 0.21 0.0k -0.22 0.29 0.20 -0.20 
EL -0.17 -o.UH** -O.UU** 0.23 0.26t -0.28t 
ED -0.33 -0.59** -O.U5** 0.19 0.10 -0.32* 
KD -0.23 -O.i+ii** -0.36* 0.16 0.06 -0.32* 
SP -0.U9** -0.70** -o.uo** O.Oh 0.03 -0.27t 
KW -0.27t -0.38* -0.22 0.1k 0.06 —0,01 
EPP -0.27t -0.50** -O.Ul** 0.20 0.18 ^0,3k* 
PROT 0.32* 0.28t 0.00 -0.17 -0.16 -0.06 
YIELD -0.23 -0.59** -0.59** 0.21 0.2k -0.33* 
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TILLN EL ED KD SP KW EPP PROT 
0.19 
0.25 0.52** 
0.33* 0.22 
0.09 0.56** 
-0.02 0.19 
0.03 0.87** 
O.OT 0.03 
0.28t 0.78** 
0.79** 
0.86** 0.60** 
0.70** 0.60** 
0.53** 0.24 
-G.37- -0.36* 
0.66** G.48** 
0.57** 
0.65** 0.31* 
-0.33* -0.30t 
0.61** 0.27t 
0.02 
0.69** -0.12 
Table A31. Simple correlation coefficients among 15 plant, ear, and 
grain traits for the 20 single crosses from Experiment l8 
using data pooled over environments and nitrogen levels 
Traits AI^'TH SILK PSSI PLHT ERHT PLA 
SILK 0.55* 
PSSI -0.21 0.70** 
PLHT 0.01 0.11 0.12 
ERHT 0.33 0.12 -0.12 0.65** 
PLA -0.12 0.10 0.21 -0.21 -0.15 
TILLN -0.02 -0.22 -0.25 -0.03 -0.27 -0.15 
EL 0.13 0.12 o
 
o
 
H
 
o.uot 0.10 0.06 
ED -0.25 -0.5k* -o.kot -0.19 -0.01 -0.01 
KD -0.36 -o.Uot -0.16 0.00 0.08 -0.10 
SP 
-0.29 0.10 0.37 0.38t -0.02 -0.l6 
KW -0.06 -0.26 -0.26 0.05 0.05 -0.19 
EPP 0.18 0.02 -0.13 0.03 0.02 -0.75** 
PROT -0.0k 0.20 0.27 -0.29 -0.3k 0.20 
YIELD -0.22 -0.19 -0.03 0. U6* -0.01 -0.08 
237 
TILLK EL ED KD SP KW" EPP PROT 
0.18 
0.38t -0.35 
o.oU -0.U8* 0.60** 
-0.25 0.23 -0.60** -0.05 
-0.03 -0.30 0.27 0.09 
0.12 -0.02 -0.07 0.00 
-0.26 -O.U3t -0.27 0.00 
o.i+6* 0.51* 0.11 0.05 
-0.06 
0.15 -0.26 
0.15 0.33 -O.lllt 
0.26 0.22 -0.12 -O.2U 
Table A32. Genotypic correlations among 15 plant, ear, and grain traits 
for the 20 single crosses from Experiment l8 using data 
pooled over environments and nitrogen levels 
Traits ANTH SILK PSSI PLHT ERHT PLA 
SILK 0.79 
PSSI -0.28 0.47 
PLHT -0.01 0.l6 0.19 
ERHT 0.39 0.31 -0.11 0.65 
PLA -0.20 0.32 0.84 -0.17 -0.11 
TILLN -0.02 -0.39 -0.58 -0.03 -0.28 -0.15 
EL O.hO 0.30 -0.15 0.4l 0.09 -0.03 
ED -0.31 -0.77 -0.50 -0.20 -0.03 0.02 
KD -O.kl -0.40 0.01 -0.01 0.07 -0.11 
SP -0.26 -0.25 0.54 0.U6 -0.0k -0.26 
KVJ -0.06 -0.58 0.8k 0.05 0.06 -0.19 
EPP 0.6l 0.32 -o.i+6 0.01 0.01 -1.05 
PROT 0.51 O.i+6 -0.07 -0.43 -0.18 0.1k 
YIELD 0.10 -0.30 -0.32 0.52 -0.05 -0.13 
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TILLK EL ED KD SP KW EPP PROT 
0.19 
0.39 -0.39 
0.05 -0.52 
-0.33 0.21 
-0.05 -0.36 
0.15 -0.15 
-0.33 -0.75 
0.5k 0.U9 
0.5k 
0.78 -0.12 
0.26 0.03 
0.10 o.oU 
-O.UO 0.10 
0.07 -0.06 
—0.10 
0.01 -0.1+0 
0.25 0.83 
0.18 0.16 
-O.TU 
-0.3h -0.55 
Table A33. Simple correlation coefficients among 15 plant, ear, and 
grain traits for the 20 single crosses from Experiment l8 
using data pooled over environments at 0 kg N/ha 
MTK SILK PSSI PLHT ERHT PLA. 
SILK 0.57** 
PSSI 0.07 0.86** 
PLHT 0.10 0.l6 O.lU 
ERHT 0.29 0.21 0.07 0.6U** 
PLA -O.lU -O.lU -0.09 -0.37 -0.39t 
TILLN -0.02 -0.20 -0.23 -o.ok -0.33 0.01 
EL 0.08 -0.07 -0.13 0.20 -O.lU 0.09 
ED -0.35 -0.55* -O.i+5* -0.15 O.OU -0.28 
KD -O.Llt -0.15* -0.29 1 o
 
-0.01 -0.29 
SP -0.36 0.00 0.22 0.08 -0.38 —0.26 
KW 0.33 0.60** 0.52* 0.18 0.21 -0.38t 
EPP -0.30 -0.39t -0.29 -0.38t -0.28 -O.iilt 
PROT 0.12 0.l8 0.15 -0.2U -O.l+Ot 0.37 
YIELD -0.20 -0.l6 -0.08 0.35 -0.11 -0.21 
2kl 
TILLIÎ EL ED KD SP K7/7 EPP PROT 
0.33 
0.1k -0.09 
-0.09 -0.11 
-0.11 0.23 
-O.lU -0.i;2t 
0.19 0.09 
-0.12 -0.2i+ 
0.39t 0.60** 
0.70** 
-0.22 0.18 
o.oU -0.08 
0.37 0.48* 
-0.51* -0.22 
0.32 0.22 
-0.03 
0.33 -0.22 
0.31 0.03 
0.37 0.00 
-0.18 
0.09 -0.20 
Table A3^. Simple correlation coefficients among 15 plant, ear, and 
grain traits for the 20 single crosses from Experiment l8 
using data pooled over environments at 60 kg N/ha 
Traits AI^TK SILK PSSI PLHT ERKÎ PLA 
SILK 0.82** 
PSSI -0.02 0.56** 
PLHT 0.01 
H
 
0
 
0
 0.00 
ERHT 0.27 0.23 0.02 0.66** 
PLA 0.05 0.17 0.22 —0.09 -0.03 
TILLN 0.00 -0.19 -0.33 0.03 -0.18 -0.16 
EL 0.12 0.13 0.06 0.37 0.00 -0.08 
ED -0.19 -0.51* -0.61** -0.18 -0.04 -0.09 
KD -0.33 -0.46* -0.33 -O.OI+ -0.07 -0.01 
SP -0.23 0.11 0.52* 0.32 -0.05 -0.05 
KW 
-O.IT -0.22 -O.lU 0.05 0,02 -O.I6 
EPF 0.23 0.01 -0.31 0.13 0.07 -0.65** 
PROT O.hkf O.hSf 0.12 -0.13 -0.11 0.03 
YIELD -0.l8 -0.23 -O.lU 0.44* -0.12 -0.29 
2h3 
TILLN EL ED KC S? KW EPF PROT 
0.18 
o.Uot -O.UT* 
0.13 -0.U5* 0.68** 
-0.21 0.28 -0.5T** 0.03 
-0.06 -0.38t 0.25 0.11 0.03 
0.18 0.19 -0.01 -0.08 -O.OU -0.25 
-0.31 -o.ou -0.35 -0.26 0.11 0.12 
0.59** 0.56** 0.0k 0.00 0.35 0.16 
Table A35- Simple correlation coefficients among 15 plant, ear, and 
grain traits for the 20 single crosses from Experiment l8 
using data pooled over environments at 120 kg M/ha 
Traits AÎITH SILK PSSI PLHT ERHT PLA 
SILK 0.70** 
PSSI -0.29 O.hj* 
PLHT 0.00 0.02 0.03 
ERHT 0.30 0.10 -0.25 0.6U** 
PLA -0.33 -0.1b 0.21 -0.13 —0 • 10 
TILLN 0.12 -0.11 -0.29 -0.12 -0.27 -0.15 
EL 0.38t 0.38t O.OU 0.36 0.l8 0.10 
ED -0.18 -o.bot -0.32 -0.19 0.00 -0.03 
KD -0.23 -0.l8 0.04 0.07 0.10 -0.21 
SP -0.08 0.01 0.12 0.U6* 0.29 -0.06 
KW 0.19 0.03 -0.19 0.15 0.22 -0.l4 
EPP 0.k6* O.lU -0.38t 0.19 0.15 -0.59** 
PROT -0.06 0.22 0.37 -0.07 -0.20 0.15 
YIELD 0.03 0.06 0.05 O.H!+* 0.1k 0.01 
2h3 
TILLN EL ED KD SP KW EPP PROT 
0.08 
0.49* -0.32 
0.23 -0.38+ 
-0.l6 0.20 
0.09 -0.04 
-0.21 0.16 
0.03 -0.11 
0.i+2t 0.53* 
0.56** 
-0.28 0.15 
0.33 0.l6 
-0.37 -0.24 
-0.05 0.17 
0.22 0.30 
-0.07 
0.27 -0.01 
0.13 0.36 
0.30 0.38+ 
-0.29 
-0.11 0.23 
Table A36. Simple correlation coefficients among 15 plant, ear, and 
grain traits for the 20 single crosses from Experiment l8 
using data pooled over environments at l80 kg N/ha 
Traits MTH SILK PSSI PLHT ERHT PLA 
SILK 0.79** 
PSSI -0.13 0.50* 
PLHT 0.11 0.11 0.02 
ERHT 0.1+lt 0.26 -o.i6 0.69** 
PLA -0.07 -0.11 -0.08 -0.28 -0.13 
TILLN -0.l6 -0.30 -0.25 -0.05 -0.2U -0.17 
EL 0.01+ 0.06 0.05 O.U2t 0.20 0.08 
ED -0.18 -0.38t -0.36 -0.18 0.01 0.10 
KD 0.05 -0.20 -O.l+Ot 0.09 0.33 0.01 
SP 0.01+ 0.28 o.kot 0.50* 0.26 -0.08 
KW -0.21 -0.26 -0.13 -0.07 -0.06 0.07 
EPF 0.30 0.29 0.0k 0.18 0.2U -0.69** 
PROT -0.14 -0.03 0.15 -0.37 —0. i6 0.21 
YIELD -0.21 -0.28 -o.i6 0.37 0.04 0.00 
21+7 
TILLN EL ED KD SP KW EPP PROT 
0.22 
0.33 -0.19 
0.02 -0.2T 
-0.32 0.2T 
0.00 -0.13 
0.11 0.l8 
-O.OU -0.i+3t 
0.33 0.50* 
0.51* 
-0.59** -0.20 
0.30 -0.09 
-0.13 0.17 
-0.06 -0.15 
0.2k 0.12 
0.00 
0.13 -0.19 
-O.U2t 0.20 
0.21 0.36 
-0.24 
0.05 -0.3k 
Table A3T. Simple correlation coefficients among 15 plant, ear, and 
grain traits for the 20 single crosses from Experiment l8 
using data pooled over environments at 2Uo kg N/ha 
Traits AKTH SILK PSSI PLHT ERHT PLA 
SILK -0.01 
PSSI -0.30 0.96** 
PLHT -0.20 0.03 0.09 
ERHT 0.20 —0 • 09 -O.lU 0.6U** 
PLA —0.07 0.22 0.23 -0.28 -0.18 
TILLN -0.03 0.04 0.05 -0.01 -0.35 -0.16 
EL -0.l6 0.10 0.14 0.50* 0.21 0.12 
ED -0.12 -0.26 -0.21 -O.II+ -o.o4 0.17 
KD -0.22 -0.19 -0.12 0.06 0.00 0.12 
SP -0.37 0.23 0.33 0.37 -0.01 -0.02 
KW -0.26 -0.U7* -0.38 -0.03 -0.10 -0.03 
EPP -0.07 0.37 0.38 0.35 0.16 -0.50* 
PROT 
-0.15 O.Ok 0.08 -0.15 -0.16 0.07 
YIELD -0.28 -0.02 0.06 0.42t 0.01 0.22 
2h9 
ÎILLN EL ED KD SP KW EPP PROT 
0.08 
0.29 -0.20 
-0.09 —0.30 
-0.10 0.36 
0.03 -0.30 
0.19 0.28 
-0.32 -0.33 
0.29 0.53* 
0.58** 
-0.k2f 0.10 
0.1+3t 0.40t 
-0.31 -0.51* 
-0.03 O.kOr 
0.17 0.19 
O.Ok 
0.22 -0.19 
0.13 0.25 
O.Ult 0.26 
-0.20 
0.00 -0.37 
Table A38. Simple correlation coefficients among the means of 15 plant, 
ear, and grain traits of the 40 inhred parents and their 20 
single crosses from Experiment l8 using data pooled over 
environments and nitrogen levels 
Traits MTH^ SILK PSSI PLHT ERHT PLA TILLN 
MTH"*^ 0.52* 0.25 -0.32 -0.01 0.06 0.12 0.08 
SILK 0.29 0.27 -0.07 0.05 0.12 0.10 -0.09 
PSSI -0.11 0.10 0.19 0.07 0.09 0.02 -0.17 
PLHT 0.21 0.22 0.13 0.9k** 0.7k** 0.03 -0.06 
ERHT 0.08 0.06 -0.03 0.65** 0.88** 0.01 -0.26 
PLA 0.33 0.55* 0.37 -0.25 -0.08 0.65** —0.16 
TILLN -0.01 -0.23 -0.3k -0.07 -0.36 -0.17 0.88** 
EL 0.38t 0.27 -O.Ok 0.19 0.05 -0.01 0.31 
ED -0.l4 -0.26 -0.1k -0.07 -0.05 -0.19 0.20 
KD -0.11 -0.01 0.25 0.07 0.03 -0.22 -0.07 
SP -0.15 0.06 0.26 0.29 0.15 -0.14 -0.27 
KW -0.21 0.10 0.29t 0.11 0.08 0.19 -0.23 
EPP -0.10 -0.59** -0.67** -0.02 -0.10 -0.73** 0.03 
PROT -0.08 0.33 0.ii6* -0.21 -0.19 0.39t -0.28 
YIELD 0.10 0.05 0.1k 0.31 0.06 0.06 0.39t 
^Inbred plant, ear. and grain traits are listed in the ro-w. 
^Single-cross plant, ear, and grain traits are listed in the colicnn. 
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EL ED KD SP KW EPP PROT YIELD 
0.26 -0.09 -0.45* —0 « 26 0.03 0.16 O.lA 0.02 
0.21 -0.22 -0.39t -0.06 0.08 0.23 0.3k -0.10 
0.03 -0.l8 -0.07 0.15 0.07 0.13 0.28 -0.13 
0.17 0.00 -0.01 0.04 0.10 0.18 -0.11 0.08 
0.22 0.03 0.08 -0.03 0.03 0.20 -0.27 0.28 
-0.55* —0.36 -0.19 -0.l2t -0.17 -0.61** 0.21 -oM* 
0.39t 0.37 0.10 0.35 -0.32 0.22 0.11 0.29 
0.16 -0.18 -0.37 -0.18 -0.27 0.03 -0.17 -0.06 
-0.08 0.63** 0.58** 0.12 -0.10 -0.10 —0 • 07 0.29 
-0.12 0.27 0.53* 0.03 -0.01 -0.09 -0.18 0.07 
-0.02 -0.1+3t -0.13 0.14 0.30 0.08 -0.05 —0.26 
-0.37 0.03 0.15 0.10 0.52* -0.25 0.27 -0.12 
0.70** 0.20 -0.11 0.26 -0.19 0.72** -0.31 O.3U 
-O.itS* 
-O.U9* -0.13 -0.25 0.50* -0.38t 0.1+6* -0.51* 
0.17 0.19 0.15 0.29 -0.03 0.16 -0.21 0.21 
Table A39- Simple correlation coefficients among the means of 15 plant, 
ear, and grain traits of the 1+0 inbred parents and their 20 
single crosses from Experiment l8 using data pooled over 
environments at 0 kg N/ha 
Traits ANTE* SILK PSSI PLHT ERHT PLA TILLN 
MTH^ 0.45* 0.1+5* 0.15 0.09 0.17 0.31 —0 • 06 
SILK 0.32 0.6l** 0.57** 0.10 0.29 0.25 -0.21 
PSSI 0.11 0.1+6* 0.60** 0.07 0.25 0.11 -0.21 
PLHT 0.19 0.09 0.18 0.88** 0.69** -0.08 -O.OI+ 
ERHT 0.06 0.05 0.06 0.61** 0.82** -O.II+ -0.28 
PLA 0.29 0.36 0.31 -0.1+lt -0,29 0.58** 0.02 
TILLN -0.16 -0.11+ -0.l8 -0.17 -0.1+5* -0.12 0.76** 
EL -0.07 -0.13 0.09 -0.12 -0.26 -0.27 0.35 
ED -0.31 -0.60** -0.1+8* -0.11 -0.18 -0.1+8* 0.1k 
KD -0.23 -0.65** -0.52* -0.18 -0.23 -0.53* -0.12 
SP -0.20 -0.17 0.10 O.OU -0.16 -0.29 -O.1I+ 
KW 0.29 0.28 0.28 0.27 0.29 0.09 —0 ! 
EPF -0.51* -0.71** -0.62** -0.29 -0.39t -0.58** 0.11 
PROT 0.46* 0.1+3t O.3I+ -0.09 -0.12 0.55* -0.12 
YIELD 0.05 -0.1+2t -0.02 0.08 -0.25 -0.36 0.35 
^Inbred plant, ear, and grain traits are listed in the row. 
^Single-cross plant, ear, and grain traits are listed in the column. 
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-0.03 
-0.27 
-0.31 
0.01 
0.07 
-0.48* 
0.27 
0.25 
0.26 
0.31 
0.l6 
-0.34 
0.65** 
-0.39t 
0.21 
-0.14 
-0.26 
-0.23 
0.03 
0.10 
-0.56** 
0.17 
-0.02 
0.58** 
0.28 
-0.07 
-0.08 
0.46* 
-0.61** 
0.16 
-0.31 
-0.29 
-0.15 
-0.01 
0.13 
-0.52* 
-0.07 
-0.17 
0.44t 
0.26 
0.l6 
-0.06 
0.42t 
-0.4lt 
0.10 
-0.25 
-0.l4 
-0.01 
0.02  
0.03 
-0.59** 
0.30 
0.03 
0.28 
0.19 
0.25 
-0.10 
0,6l** 
-0.46* 
0.14 
0.24 
0.24 
0.l4 
0.07 
0.04 
-0.58** 
-0.19 
-0.39t 
-0.01 
-0.07 
0.25 
0.49* 
0.09 
0,08 
-0.25 
-0.13 
-0.28 
-0.26 
-0.10 
-o.o6 
-0.50* 
0.29 
0.11 
0.31 
0.37 
0.26 
-0.24 
0.69** 
-0.29 
0.20 
0.13 
0.13 
O.OB 
-0.04 
-0.09 
0.25 
-0.22 
-0.20 
0.02 
-0.18 
-0.13 
0,30 
-0.48* 
0.15 
-0.10 
-0.19 
-0.40t 
-0.36 
-0.02 
0.12 
-0.46* 
0.24 
0.00 
0.43t 
0,27 
0.03 
-0.31 
0.58** 
-0.39t 
0.19 
Table AÀO. Simple correlation coefficients among the means of 15 plant, 
ear, and grain traits of the ^+0 inbred parents and their 20 
single crosses from Experiment l8 using data pooled over 
environments at 60 kg K/ha 
Traits ANTH^ SILK PSSI PLHT ERHT PLA TILLN 
MTH^ 0.57** 0.08 -0.k2t —0.05 -0.01 0.05 0.0k 
SILK 0.39t 0.11 -0.21 -0.09 0.02 0.06 -0.10 
PSSI -0.1k 0.08 0.2k —0.09 0.05 0.03 -0.23 
PLHT 0.29 0.26 0.08 0.93** 0.77** 0.06 -0.0k 
ERHT O.lU 0.11 0.01 0.56** 0.79** 0.02 -0.23 
PLA 0.20 Q.kOf 0,35 -0.08 0.04 0.6k** -0.18 
TILLN -0.05 -0.30 -0.36 0.02 -0.26 -0,12 0.88** 
EL O.UT* 0.28 -0.06 0.20 -0.09 -0.05 0.33 
ED -0.22 -0.26 -0.15 -0.08 -0.08 -0.19 0.22 
KD -0.15 0.09 0.26 0.03 0.01 0.20 -0.11 
SP 
-0.07 0.24 o.kot 0.30 0.23 0,05 -0.22 
KW -0.1k 0.02 0.l6 0.17 0.12 0.17 -0.2k 
EPP -0.09 -0.56** -0.68** 0.09 0.07 -0.58** 0.09 
PROT 0.11 0.05 -0.03 -0.10 -0.0k 0.16 -0.21 
YIELD 0.07 0.00 -0.07 0.39t 0.03 -0.02 0.50* 
^Inbred plant, ear, and grain traits are listed in the row, 
^Single-cross plant, ear, and grain traits are listed in the column. 
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EL ED KD SP KW EPP PROT YIELD 
0.23 -0.39t -0.59** -0.56** -0.17 0.09 0.22 -0.20 
0.22 -0.59** -0.68** -0.38t -0.16 0.07 0.18 -0.29 
0.05 -0.U5* -0.33 0.14 -0.02 0.00 0.00 -0.21 
0.05 -0.22 -0.12 -0.16 -0.07 0.00 0.02 0.04 
0.09 -0.28 -0.12 -0.31 -0.21 -0.02 0.03 0.11 
-0.5k* -0.22 -0.11 -0.32 0.00 -0.55* 0.12 -0.50* 
0.3k O.U2t 0.21 0.28 -0.34 0.30 -0.18 0.47* 
O.lU -o.Uot -0.49* 0.31 -0.35 -0.03 -0.37 -0.l4 
-0.12 0.70** 0.64** 0.09 -0.01 -0.06 0.18 0.32 
-0.29 0.48* 0.64** 0.07 0.15 -0.18 0.07 0.03 
-0.08 -0.31 -0.08 0.18 0.36 -0.02 -0.04 -0.25 
-0.30 0.10 0.24 0.15 0.50* -0.12 0.49* -0.10 
0.64** 0.10 -0.12 0.13 -0.17 0.56* -0.22 0.40t 
-0.12 -0.38t -0.17 -0.29 0.34 -0.10 0.24 -0.36 
0.23 0.l4 0.07 0.20 -0.13 0.24 -0.24 0.25 
Table Ahl. Simple correlation coefficients among the means of 15 plant, 
ear, and grain traits of the Uo inbred parents and their 20 
single crosses from Experiment l8 using data pooled over 
environments at 120 kg N/ha 
Traits MTH^ SILK PSSI PLHT ERHT PLA TILLN 
MTH^ 0.3U -0.06 -0.59** -0.06 -0.07 0.00 0.26 
SILK 0.18 -0.03 -0.30 -0.03 —0.07 0.12 0,12 
PSSI -0.19 0.0k 0.33 0.0k 0.00 0.l6 -0.16 
PLHT 0.17 0.18 0.0k 0.92** 0.70** 0.l6 -0.1k 
ERHT 0.07 -0.07 -0.21 0.6k** 0.83** 0.17 -0.25 
PLA 0.30 0.5k* 0.38t -0.20 -0.03 0.63** -0.19 
TILLK 0.04 -0.08 -0.18 -0.10 -O.klt -0.2k 0.87** 
EL 0.25 0.08 
ir
\ Cv
l 
O
 1 0.22 0.15 0.23 0.26 
ED -0.16 -0.08 0.11 -0.06 -0.03 -0.20 0.27 
KD -0.12 0.07 0.27 0.09 -0.0k -0.1k 0.13 
SP 0.09 0.13 0.07 0.29 0.27 -0.15 -0.26 
KW -0.22 -0.09 0.18 0. IT 0.09 0-26 -0.12 
EPP 0.23 -0.09 -0.U7* 0.10 0.02 -0.37 -0.19 
PROT -0.02 0.13 0.23 -0.2k -0.29 0.10 -0.10 
YIELD -0.02 -0.03 -0.02 0.33 0.10 0.20 0.35 
^Inbred plant, ear, and grain traits are listed in the row. 
^Single-cross plant, ear, and grain traits are listed in the column. 
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EL ED KD SP KW EPP PROT YIELD 
0.24 -0.15 -0.49* -0.28 0.09 0.10 0.21 0.10 
0.08 -0.22 -0.30 -0.14 0.48* 0.05 0.4lt -0.02 
-0.19 -0.11 0.20 0.16 0.53* -0.06 0.29 -0.15 
0.28 0.05 0.07 0.10 0.20 0.32 -0.12 0.07 
0.36 o.o6 -0.03 0.03 0.12 0.33 -0.l4 0.27 
-0.35 -0.27 -0.10 -0.18 -0.23 -0.39+ -0.08 -0.19 
0.30 0.39+ 0.15 0.22 -0.4lt 0.15 0.22 0.25 
0.21 -0.15 -0.22 -0.09 -0.07 0.06 -0.05 0.12 
-o.oU 0.55* 0.52* 0.09 -0.22 —0.05 —0.09 0.32 
0.04 0.33 0.60** 0.20 0.03 0.13 -0.11 0.23 
0.l4 -0.39+ -0.21 -0.01 0.12 0.13 0.15 -0.28 
-0.17 
r-
l O
 
d
 0.00 0.15 0.30 -0.07 0.Q4 0.06 
0.15 -O.lB -0.42t -0.27 0.00 0.17 -0.09 -0.17 
-0.27 -0.42t -0.21 -0.02 0.07 -0.18 0.23 -0.27 
0.30 0.20 0.20 0.34 -0.08 0.31 -0.20 0.32 
Table kk2. Simple correlation coefficients among the means of 15 plant, 
ear, and grain traits of the Uo inbred parents and their 20 
single crosses from Experiment l8 using data pooled over 
environments at l8o kg N/ha 
Traits ANTH®" SILK PSSI PLHT ERHT PLA TILLN 
MTH^ 0.45* 0.13 -0.26 0.l8 0.25 0.07 -0.06 
SILK 0.30 0.15 -0.09 0.17 0.23 -0.04 -0.18 
PSSI -0.15 0.06 0.22 0.02 0.03 -0.17 -0.20 
PLHT -0.01 0.19 0.27 0.94** 0.71** 0.08 -0.05 
ERHT 0.04 0.05 0.03 0.76** 0.93** 0.09 -0,22 
PLA 0.34 0.32 0.10 0.32 -0.09 0.63** -0.17 
TILLN 0.00 -0.20 -0.26 -0.06 -0.31 -0.20 0.91** 
EL 0.37 0.27 0.01 0.21 0.13 -0.06 0.32 
ED -0.l6 -0.20 -0.12 -0.11 -0.04 -0.16 0.15 
KD 0.06 0.25 0.28 0.16 0.25 —0.07 -0.06 
SP 0.01 0.20 0.26 0.42t 0.32 -0.07 -0.28 
KW -0.32 -0.05 0.24 -0.11 -0.13 0.06 -0.21 
EPP 0.15 -0.07 -0.24 0.l4 0.14 -0.68** 0,05 
PROT -0.20 -0.13 0.02 -0.26 -0.03 0.38t -0.11 
YIELD -0.04 0.11 0.19 0.17 0.01 -0.04 0.27 
^Inbred plant, ear, and grain traits are listed In the rov. 
^Single-cross plant, ear, and grain traits are listed in the column. 
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EL ED KD SP KW EPP PROT YIELD 
0.21 0.1k -0.20 -0.0k -0.08 0.25 0.01 0.16 
-0.07 -0.1k -0.31 -0.22 0.0k 0.07 0.27 -0.1k 
-O.Ult -o.Ust -0.21 -0.29 0.18 -0.2k 0.k2t -0.k6* 
0.22 -0.02 -0.01 0.10 0.11 0.27 -0.05 0.09 
0.19 0.15 0.28 0.03 0.11 0.27 -0.39t 0.26 
-0.50* -0.16 0.02 -0.31 0.02 -0.58** 0.13 -0.39t 
0.52* 0.2k 0.0k 0.53* -0.21 0.1k 0.30 0.21 
0.25 -0.1k -0.35 -0.0k -0.21 0.15 -0.11 —0.09 
-0.05 0.63** 0.5k* o,i6 0.00 -0.22 -0.05 0.1k 
0.04 0.22 0.k5* -0.03 -0.15 -0.08 -0.16 0.07 
-0.10 -0.k6* -0.31 —0.02 0.32 0.02 0.15 -0.27 
-o.Uot 0.03 0.10 0.10 0.62** -O.klt 0.10 -0.18 
0.49* -0.09 -0.23 0.05 -0.28 0.62** -0.0k 0.21 
-0.26 -0.23 0.07 -0.i8 0.18 -0.19 0.12 -0.06 
0.19 0.15 
1—1 o
 
o
 1 0.29 0.13 0.06 0.06 0.09 
Table AU3- Simple correlation coefficients among the means of 15 plant, 
ear, and grain traits of the ^0 inbred parents and their 20 
single crosses from Experiment l8 using data pooled over 
environments at 2k0 kg N/ha 
Traits ANTH& SILK PSSI PLHT ERHT PLA TILLN 
MTH^ 0.26 0.30 0.13 -0.21 0.09 0.11 0.11 
SILK O.lU 0.06 -0.06 0.00 —0.05 -0.07 -0.02 
PSSI o.o6 -0.03 -0.09 0.06 -0.02 —0.10 -0.05 
PLKT 0.21 0.05 -0.1À 0.91** 0.73** -0.07 -0.07 
ERHT -0.02 -0.07 -0.06 0.58** 0.84** -0.06 -0.34 
PLA 0.15 0.33 0.26 -0.24 -0.03 0.64** -0.19 
TILLN 0.15 -0.08 -0.25 -0.02 -0.32 -0.18 0.82** 
EL 0.h9* 0.01 -O.U5* 0.33 0.24 0.05 0.20 
ED 0.15 0.24 0.15 0.01 0.07 0.02 0.16 
KD -0.10 0.37 0.55* 0.21 0.12 -0.02 -0.08 
SP -0.11 -0.18 -0.12 O.2U 0.05 -0.11 —0.16 
KYJ -0.36 -0.10 0.22 o.oU 0.01 0.21 -0.21 
EPP 0.10 -0.17 -0.31 0.24 0.04 -0.36 0.01 
PROT -0.12 0.21 0.37 0.00 -0.12 0.04 -0.33 
YIELD 0.l6 0.08 -0.05 0.31 0.20 0.27 0.24 
^inbred plant, ear, and grain traits are listed in the row. 
^Single-cross plant, ear, and grain traits are listed in the column. 
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EL ED KD SP KW EPF PROT YIELD 
0.38t -0.06 -0.29 -0.30 -0.08 0.l6 0.22 0.10 
0.26 -0.12 -0.30 -0.03 -0.19 0.25 0.l6 -0.02 
0.13 -0.10 -0.20 0.05 -0.16 0.20 0.09 —0.05 
0.15 0.17 0.09 0.l4 0.13 0.4lt -0.24 0.15 
0.30 0.02 -0.01 0.04 0.01 0.44t -0.50* 0.4lt 
-0.46* -0.31 -0.03 -0.33 -0.03 -0.59** 0.29 -0.42t 
0.20 0.33 0.10 0.17 -0.20 0.12 0.15 0.17 
0.02 0.07 -0.02 -0.09 -0.12 0.10 -0.l8 0.07 
-0.30 0.51* 0.40t 0.10 0.02 -0.31 -0.03 0.15 
-0.49* 0.16 0.4lt -0.02 0.19 -0.45* 0.08 -0.24 
-0.27 -0.18 0.12 0.17 0.18 -0.02 -0.26 -0.24 
-0.47* 0.29 0.37 0.35 0.51* -0.27 0.02 -0.10 
0.47* 0.12 -0.32 0.12 -0.25 0.62** -0.33 0.27 
-0.28 -0.39t -0.26 -0.36 0.28 -0.46* 0.21 -0.42t 
-0.18 0.4lt 0.59** 0.38t 0.24 0.10 -0.l4 0.12 
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Table Akk. Simple correlation coefficients between the means of 15 plant, 
ear, and grain traits of the Uo inbred parents and their 20 
single crosses as computed for each level of nitrogen fertili­
zer and combined for Experiment l8 at Ames 1978 
Nitrogen applied (kg/ha) 
Traits 0 60 120 l80 2hO Combined 
ABTH 0.58** 0.57** 0.3h 0.51* 0.29 0.66** 
SILK 0.5k* 0.18 0.38t 0.36 0.05 0.33 
PSSI 0.58** 0.20 0.32 0.11 -0.13 0.09 
PLHT 0.79** 0.92** 0.89** 0.95** 0.90** O.9I1** 
ERHT 0.73** 0.82** 0.76** 0.85** 0.78** 0.8k** 
PLA 0.66** 0.75** 0.59** 0.70** 0.67** 0.75** 
TILLN 0.00 0.89** 0.85** 0.72** 0.79** 0.86** 
EL O.kSf 0.19 0.39t 0.31 0.26 O.UU* 
ED 0.Î+8* 0.56* 0.38t 0.38t 0.2k 0.53* 
KD 0.16 0.53* 0.21 0.28 0.23 0.38t 
SP -0.22 0.07 -0.35 0.k2t 0.08 -0-lU 
KW 0.26 0.16 0.26 0.5k* 0.k2t O.Ult 
EPP 0.73** 0.31 -0.10 0.69** 0.57** 0.66** 
PROT 0.32 0.18 -0.2U 0.30 -0.20 0.23 
YIELD 0.23 0.20 0.26 o.Uot 0.00 0.30 
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Table kh^. Simple correlation coefficients between the means of 15 plant, 
ear, and grain traits of the ij-0 inbred parents and YIELD of 
their 20 single crosses as computed for each level of nitrogen 
fertilizer and combined for Experiment l8 at Ames 1978 
Traits 
• Nitrogen applied (kg/ha) 
Combined 0 60 120 180 2U0 
AÎJTH -0.29 -0.11 0.08 -0.21 -0.07 -0.13 
SILK -0.1+3t -0.30 -0.10 -0.24 0.15 -0.22 
PSSI -0.13 -0.30 -0.27 -0.13 0.26 —0.05 
PLHT 0.16 0.32 0.27 -0.07 0.09 0.26 
ERHT -0.02 0.12 0.29 O.OU 0.07 0.19 
PLA -0.17 -0.59** 0.06 0.07 0.16 -0.11 
TILLN -0.05 0.12 0.28 0.1k 0.l8 0.2U 
EL 0.l6 0.13 0.27 0.l8 -0.11 0.27 
ED O.OB 0.03 0.09 0.U6* 0.20 0.27 
KD 0.21 0.21 o.ok 0.22 O.UU* 0.36 
SP O.lU 0.11 0.12 0.25 0.23 0.21 
KW -0.11 -0.10 0.19 0.22 0.37 O.lU 
EPP 0.13 0.11 0.26 0.21 0.01 0.22 
PROT -0.20 -0.28 -0.20 -0.06 -0.18 -0.52* 
YIELD 0.23 0.20 0.26 O.kOt 0.00 0.30 
Table AkS. Inbred means for plant, ear, and grain traits at Ames 1976 
for Experiment 20 pooled over entries 
Nitrogen 
Means 
applied (kg/ha) ANTH SILK PSSI PLHT ERHT 
0 26.5 30.1 3.6 138.5 51.3 
6o 26.6 29.5 2,9 1U0.7 5h.k 
120 26.4 29.2 2.8 136.9 52.6 
180 26.1 29.5 3.1 143.3 56.0 
30-30 26.0 29.2 3.1 138.3 53.T 
60-60 26.T 29.7 3.0 139.3 5^.1 
90-90 26.3 29.0 2.7 139.5 55.7 
P ns ns ns ns O.61 ± 0.17 
P^ ns ns ns ns ns 
D q 
PS, ns ns -0.32±0.l4 ns 0.68 ±0.17 
PS, ns ns ns ns ns 
D q 
L.S.D. ns ns ns ns 2.k 
L.S.D. ns ns ns ns 1.9 
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Means 
EL ED KD SP YIELD KW EPF 
15.2 3.8 0.71 0.80 42.2 71.2 1.1 
15.2 3.8 0.66 0.79 40.3 69.4 1.1 
lU.T 3.8 0.67 0.79 38.9 69.7 1.0 
16.9 3.9 0.68 0.80 46.7 70.4 1.1 
1À.4 3.9 0.70 0.80 40.8 71.5 1.0 
15.5 3.8 0.65 0.81 41.5 70.1 1.1 
15.4 3.8 0.68 0.81 43.2 70.5 1.1 
0.22 ± 0.10 ns ns ns ns ns ns 
0.57± 0.23 ns ns ns 2.44±1.17 ns 0.03 ± 0.01 
ns ns ns ns ns ns ns 
0.76 ± 0.23 ns ns ns ns ns ns 
ns ns ns ns ns ns 0.1 
1.2 ns ns ns ns ns 0,1 
Table A^7- Inbred means for plant, ear, and grain traits at Anlteny 1976 
for Experiment 20 pooled over entries 
Nitrogen Means 
applied (kg/ha) PLÏÏT ERHT EL ED 
0 170.2 72.3 16.6 U.O 
60 166.3 71.9 17.5 ^.1 
120 169.9 76.5 17.7 ^.1 
180 169.2 73.7 17.8 U.l 
30-30 169.2 72.0 17.9 4.1 
60-60 167.6 73.5 17.6 U.l 
90-90 168.0 73.9 17.5 U.l 
ns 0.UU±0.2U 0.19 ±0.05 0.02 ±0.01 
P, ns ns -0.22 ±0.12 ns b q 
PS^ ns ns 0.13 ±0.05 ns 
PS^ ns ns -0.33 ± 0.12 ns 
q 
L.S.D. ns ns 0.8 ns 
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Means 
KD SP YIELD KW EPP PROT 
0.74 0.82 52.9 79.9 1.1 9.87 
0.77 0.82 59.1 82.3 1.1 10.62 
0.75 0.8l 57.8 8o.6 1.1 10.95 
0.78 0.82 59.4 82.8 1.1 11.00 
0.78 0.82 59.2 80.5 1.1 10.58 
0.75 0.81 57.4 81.5 1.1 10.94 
0.73 0.8l 55.8 81.4 1.1 11.04 
ns ns 0.91± 0.36 0.35 ± 0.18 ns 0.19 ±0.02 
ns -0.01 ±0.00 ns ns ns -0.17 ±0.04 
ns 0.06± 0.02 ns ns ns 0.19 ± 0.02 
ns ns 1.97 ± 0.81 ns ns -0.15 ± 0.04 
ns 0.01 ns ns ns 0-57 
Table A48. Inbred means for plant, ear, and grain traits at Ames 1978 
for Experiment 20 pooled over entries 
Nitrogen 
applied (kg/ha) AKTH SILK PSSI PLHT 
0 29.2 31.8 2.5 175.2 
60 26.7 30.2 3.5 178.1 
120 25.6 28.5 2.9 177.4 
180 26.5 28.5 2.0 179.0 
30-30 27.6 29.9 2.3 178.7 
60-60 26.8 29.1 2.1+ 179.6 
90-90 26.8 28.8 2.0 180.7 
-0.1+7 ± 0.10 -0.57 ± 0.  10 ns ns 
0.86 ± 0.23 ns ns ns 
-O.UO ± 0.10 
0
 
+1 00 0
 1 10 ns 0.87 ± 0.70 
O.Ul ± 0.23 ns ns ns 
q 
L.S.D. 1.1+ l.U ns ns 
L.S.B. 1.2 1.1 ns 
ns 
209 
Means 
ERHT EL ED KD SP 
83.6 9.T 3.5 0.57 0.76 
83.0 12.U 3.7 0.62 0.78 
81.1 13.8 3.8 0.62 0.76 
82.2 13.7 3.9 0.65 0.77 
82.9 12.8 3.7 0.60 0.79 
83.2 lU.O 3.8 0.62 0.77 
83.1 lU.9 3.9 0.65 0.78 
ns 0.70 ±0.09 0.06 ± 0.01 0.01± 0.006 ns 
ns -0.71 ±0.20 ns ns ns 
ns 0.8k±0.09 0.05 ± 0.01 0.01± 0.006 ns 
ns 
-0.55 ± 0.20 ns ns ns 
ns 1.2 0.2 ns ns 
ns 1.00 0.1 ns 0.02 
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Table a48. (continued) 
Means 
YIELD KW EPF PROT 
20.4 62.3 0.8 9.57 
30.T 64.9 1.0 10.71 
35.5 67.3 1.1 11.59 
36.4 68.1 1.0 12.25 
33.1 65.4 1.0 10.79 
37.1 67.4 1.0 12.12 
39.2 66.7 1.1 12.10 
2.64 ± 0.41 0.99 ± 0.33 0.03 ± 0.006 0.45± 0.03 
-2.35 ± 0.91 ns -0.04 ± 0.01 -0.12 ± 0.06 
3.02 ± 0.41 0.76 + 0.33 0.04 ± 0.006 0.45 ± 0.03 
-2.66 ± 0.91 ns ns -0.31± 0.06 
5.6 ns 0.1 0.36 
4.6 ns 0.1 0.29 
Table Ai+9- Inbred means for plant, ear, and grain traits at Atomic Energy 
1978 for Experiment 20 pooled over entries 
Nitrogen 
applied (kg/ha) 
Means 
PLHT ERHT EL 
0 163.7 69.3 11.7 
60 167.3 70.9 13.3 
120 167.9 73.4 13.6 
180 170.3 72.9 12.8 
30-30 167.1 70.6 13.0 
60-60 168.0 72.3 12.3 
90-90 168.5 73.1 12.9 
1.02 + 0.38 
ns 
0.66 ±0.32 
ns 
ns 
-0.58 ± 0.28 
q 
0.77 + 0.38 0.66 ±0.32 ns 
ns ns ns 
L.S.D._05 ns ns ns 
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Means 
ED KD SP YIELD KW EPF 
3.5 0.53 0.73 21.9 55.6 1.0 
3.7 0.58 0.72 27.9 56.9 1.0 
3.6 0.63 0.73 27.3 53.4 1.1 
3.6 0.55 0.73 25.6 5U.6 1.0 
3.6 0.55 0.73 25.6 5U.5 1.0 
3.6 0.5k 0.72 2h.6  5k.% 1.0 
3.6 0.55 0.71 25.3 5U.2 1.0 
ns ns ns ns ns ns 
ns 0.03 ± 0.02 ns -1.92 ± 0.78 ns ns 
0.01± 0.008 ns 0.01± 0.006 ns ns ns 
ns ns ns ns ns ns 
ns ns ns ns ns n<? 
Table A50. Inbred means for plant, ear, and grain traits, pooled over 
nitrogen treatments and entries, at individual environments 
for Experiment 20 
Environment ANTH SILK PSSI PLHT ERHT EL 
Ames 1976 26.k  29.4 3.0 139.5 5U.O 15.3 
Ankeny 1976 —— —— 168.6 73.U 17.5 
Ames 1978 27.0 29.5 2.5 178.4 82.7 13.0 
Atomic Energy 1978 
— 
— 
— 167.6 71.8 12.8 
L.S.D.^05 ns ns 0.2 3.8 2.1 0.6 
L.S.D._io ns ns 0.2 3.2 1.7 0.5 
27 h 
ED KD SP YIELD KW EPP PROT 
3.8 0.68 0.80 41.9 70.4 1.1 
k.i 0.76 0.82 57.4 81.3 1.1 10.71 
3.7 0.62 0.77 33.2 66.0 1.0 11.30 
3.6 0.56 0.72 25.5 54.8 1.0 
0.0 0.02 0.01 2.0 1.9 ns 0.12 
0.0 0.02 0.01 1.6 1.6 ns 0.10 
Table A51. Analyses of variance at Ames 1976 for Experiment 20 
Mean squares 
Source df ANTH SILK PSSI 
Replications 2 44.80 55.49 1.73 
Nitrogen (N) 6 1.49 4.20 2.59 
Check vs Others 1 0.31 14.66 10.75t 
P vs PS 1 1. o6 1.01 0.00 
1 0.37 5.88 3.29 
P 1 0.07 6.07 7.50 Q. 
1 0.00 12.53 12.27* 
PS 1 0.07 0.40 0.15 Q. 
Error a 12 10.63 0.83 2.44 
Inbreds (l) 9 113.84** 216.88** 69.01** 
I X N 5h 79.51** 2.91 1.75 
I X Check vs Others 9 4.38** 6.64* 2.94 
I X P vs PS 9 0.98 1.43 0.64 
I X Pj^ 9 4.16** 8.43** 5.01* 
I X P^ 9 1.28 1.56 0.9k 
I X PS^ 9 3.45** 5.77* 3.22 
I X PS_ 9 1.65 2.89 1.00 
Error b 126 1.27 2.87 2.10 
Total 209 7.13 12.98 4.92 
C.V.% 4.26 5.75 48.14 
^ean squares were multiplied by 10 . 
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Mean squares 
PLHT ERÏÏT EL ED* 
306.78 17.69 9.58 0.01 
128.93 81.89* 18.64+ 0.06 
35.lo 21+3.14** 0.34 0.10 
72.96 0.92 9.66 0.02 
173.34 221.43** 29.84t 1.26 
138.03 0.82 36.99* 0.91 
25.31+ 274.99** 3.89 0.01 
1.52 3.47 4.33 0.01 
1^2.20 17.47 6.37 0.49 
1989.99** 1075.80** 270.79** 24.74** 
32.35 19.06 6.57 0.31 
15.45 9.23 4.22 0.15 
27.89 23.69 12.68t 0.17 
22.1+2 19.28 4.65 0.30 
52.05 19.97 4.77 0.16 
13.52 10.47 4.02 0.12 
1+3.21+ 8.74 3.24 0.63* 
3I+.28 16.02 7.16 0.26 
129.52 64.46 18.67 1.35 
4.20 7.42 17.47 4.24 
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Table A51- (continued) 
Mean squares 
KD* SP^ YIELD KW EPP^ 
0.02 0,09 15.85 362.08 0.34 
0.12 0.15 187.79 16.90 0.55* 
0.35 0.00 2.91 22.24 0.05 
0.02 0.80* 0.34 33.28 0.18 
0.01 0.00 213.13 6.36 0.54 
0.27 0.30 714.43t 46.13 0.91* 
0.29 0.24 18.37 19.01 0.07 
0.12 0.00 68.40 0.00 0.01 
0.11 0.10 164.97 42.71 0.13 
2.72** O.i+0** 2439.63** 1528.63** 10.42** 
0.13 0.16 71.24+ 29.97 0.32 
0.22t 0.00 47.52 26.58 0.23 
0.08 0.27t 62.66 47.36 0.47 
0.09 0.00 70.64 43.68 0.17 
0.12 0.11 99.28t 33.92 0.13 
0.23t 0.00 45.84 29.80 0.27 
0.23t 0.00 69.23 17-30 0.20 
0.11 0.15 52.73 34.69 0.31 
0.23 0.16 122.71 100.88 0.75 
15.36 48.00 17.31 8.36 16.55 
^Mean squares were mulitplied ty 10^. 
Table A52. Analyses of variance at Ankeny 1976 for Experiment 20 
Source df PLHT ERHT EL 
Replications 2 219.92 89.88 3.70 
Nitrogen (N) 6 57.22 75.26 5.46* 
Check vs Others 1 87.69 43.68 29.53** 
P vs PS 1 1.U6 34.85 0.00 
F, 1 0.1+9 116.95: 21.09** 
P 1 80.20 42.13 5.947 Q. 
1 101.59 60.48 9.68* 
1 Ik.08 3.17 13.07* 
Error a 12 59.11 34.29 1.82 
Inbreds (I) 9 2735.33** 1331.24** 623.32** 
I X N 39.58t 28.12* 2.30 
I X Check vs Others 9 63.95* 20.09t 3.04 
I X P vs PS 9 46.9^ 56.99** 1.31 
I X 9 30.95 17.83 3.95t 
I X P Q 9 65.49* 25.74* 1.56 
I X PS^ 9 67.22* 44.39** 3.05 
T X PS q 9 21.90 10.23 1.33 
Error b 126 28.96 11.24 2.29 
Total 209 152.63 76.36 29.11 
C.Y.% 3.19 4.57 8.64 
^ean squares were multiplied by 10^. 
^Mean squares were multiplied by 10^. 
c 3 Mean squares were multiplied by 10 , 
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Mean squares 
Elf KD^ SP^ YIELD KW EPP* PROT 
0 . 2 k  0.83 0.61 1.82 22.33 0.13 0.29 
0.U8 0.9k 1.27** 165.49 31.45 0.04 5.21** 
2.16* 1.00 Q . 6 k f  701.57* 66.24t 0.18 24.95** 
0.12 0.80 0.50 75.27 26.22 0.02 0.00 
1.94* 1.50 0.15 494.13* 73.50t 0.12 20.76** 
0.12 0.00 0.75t 159.39 0.24 0.07 3.67** 
0.79 0.5k 2.40** 73.29 44.23 0.01 22.46** 
0.37 2.70 0.00 464.53* 3.78 0.19 2.79** 
0.33 IA5 0.17 78.17 18.61 0.10 0.23 
26.26** 23.92** 22.03** 3196.40** 2100.31** 14.15** 38.71** 
O.llt 0.63 1.10** 50.03* 26.71 0.11 0.33** 
0.03 0.09 O.U9 49.45 10.45 0.07 0.23 
0.29t 1.39* 0.93t 42.62 30.61 0.02 0.12 
0.01 0.3U 0.00 68.64* 14.98 0.06 0.63** 
0.07 0.38 0.00 40.47 22.26 0.05 0.21 
0.10 0.46 3.07** 46.63 33.94 0.09 0.4l* 
0.03 0.00 0.00 20.85 22.69 0.12 0.26 
0.17 0.57 0.45 33.83 24.00 0.10 0.19 
1.31 1.65 1.55 180.22 114.00 0.70 2.03 
3.23 9.97 0.26 10.13 6.02 0.01 4.11 
Table A53. Analyses of variance at Ames 1978 for Experiment 20 
Mean squares 
Source df AKTH SILK PSSI 
Replications 2 1.90 3.43 0.1t3 
Nitrogen (N) 6 39.k5** kl.88** 8.6k 
Check vs Others 1 171.61** 172.27** 0.00 
P vs PS 1 30.26* 2.38 l$.k9 
1 131.98** 198.72** 6.61 
P n 1 89.79** I8.I19 27.07 y. 
PS, 1 98.90** 138.82** 3.20 
PSq 1 20.67t 17.79 0.15 4. 
Error a 12 6.21 5.98 8.67 
Inbreds (I) 9 74.86** 59.63** 31.10** 
I X N 51+ 2.19 1.57 2.18 
I X Check vs Others 9 3.33t 0.85 2.58 
I X P vs PS 9 5.27** 2.^2 1.36 
I X 9 3.23t 1.56 1.62 
I X P 
n 9 4.06* 1.73 4.48* 
I X P S J  9 1.13 0.57 1.44 
I X PS 9 1.24 1.49 I.9S 
Error b 126 1.87 1.53 1.87 
Total 209 6.43 3.hl 3.78 
C.Y.% 5.06 k.l8 53.90 
^Kean squares were multiplied by 10^. 
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Mean squares 
PLHT ERHT EL ED^ KD* 
23.92 3.19 0.75 0.08 0.06 
93.53 20.28 85.35** 4.81** 0.23 
360.32* 27.81 396.82** 21.63** 0.83+ 
103.06 39.20 14.28 0.00 0.02 
171.09 54.00 291.48** 23.81** 0.86t 
9.25 23.23 60.49** 1.08 0.03 
U56.23* 2.46 426.89** 18.15** 1.01* 
43.92 3.07 36.63* 1.47 0.00 
58.21 45.14 4.66 0.79 0.21 
297b.10** 2154.82** 231.37** 26.84** 2.94** 
36.53 18.22 7.91** 0.48* 0.09 
72.20* 24.46 12.34** 0.39 0.09 
18.78 26.56 5.06 0.32 0.03 
48.07 28.52 15.05** 0.42 0.11 
52.79f 18.65 4.36 0.31 0.13 
67.77* 20.55 24.15** 0.64t 0.10 
35.28 18. c6 n CI J- • yu. 0.38 0.06 
30.93 17.95 3.73 0.33 0.11 
16971.93 111.52 1774.62 1.66 0.23 
3.12 5.12 14.83 4.84 16.74 
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Table A53. (continued) 
Mean squares 
SP^ YIELD KW EPP^ PROT 
0.18 27. k5 18.99 0.0k 0.55 
0.42t 1188.66** 117.72 2.19** 29.k9** 
0 . 5 8 t  5762.59** k73.25* 9.k5** 105.27** 
0.1+5 2 2 8 . 4 9  2.7k o.ko 1.06 
0.01 1+199.20** 583.32* 5.58** 119.35** 
0.07 666.9k* 22.19 2.17** 1.78t 
0 . 2 k  5k92.19* 3k3.83* 11.09** 119.35** 
0.30 850.67* 102.67 0.k8 11.53** 
0.16 99. k3 65.08 0.20 o.ko 
6.26** 2168.07** l k 5 5 . 9 2 * *  8.18** k9.52** 
0.11 5k.l3t 35.27* 0.36* 0.62* 
0.13 102.17** 13k.66** 0.50* 0.93* 
0.00 36.65 13.11 0.21 0.63 
0.00 9k.k9* 60.07** 0.76** 0.71t 
0.00 53.52 53.12* 0.18 0.72t 
0 . 0 k  lk6.28** 75.89** 1.07** 0.58 
0 oc m *7 ch CL 1 . --N 0 "-y 0 0^ • 1 V 0.07 1.16%% 
0 . 3 3  3 9 . 2 0  23.25 0.22 o.ko 
0 . 5 4  171.08 93.12 0.66 3.kl 
7 k . 8 0  18.87 7.30 Ik. 92 5.56 
^Mean squares were multiplied by 10^. 
Table A$b. Analyses of variance at Atomic Energy 1978 for Experiment 20 
Mean squares 
Source df PLHT ERHT EL 
Replications 2 1015.20 356.1+2 29. k7 
Nitrogen (N) 6 119.84 70.28 11.59 
Check vs Others 1 518. iiO* 215.26t ko.50t 
P vs PS 1 17.67 13.92 12.32 
1 626.08* 258.59t 19.76 
P 1 10.27 3k.67 k0.72t 
1 352.51t 260.17t 10.61 
PS 1 62.63 1.26 k.ll Q. 
Error a 12 89.00 59.97 9.26 
Inbreds (I) 9 2559.88** lk56.98** 12k.73** 
I X N 5U 37.98 28.66 3.08 
I X Check vs Others 9 60.93 30.0k k.03 
I X P vs PS 9 1+7.18 30.60 1.35 
I X P, 9 53.05 20. ko 2.k3 
I X P 9 1+0.90 37.79t 2.32 9. 
I X PSj_ 9 25.0k 15. kl 3.85 
I X PS^ 9 29.8k 25.15 2.77 y. 
Error b 126 37.36 22.16 k.8l 
Total 209 160.8k 92.37 10.21 
C.V.% 3.65 6.56 17.12 
^ean squares were multiplied "by 10^. 
Mean squares were multiplied by 10 . 
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Mean squares 
ED^ KD* SP^ YIELD KM EPP^ 
1.82 0.24 0.60 379.49 5.52 1.00 
0.48 0.34 0.17 114.48 39.59 0.43 
2.57* 0.35 0.11 446.43* 20.98 1.38 
0.00 0.72 0.20 141.51 15.84 0.98 
0.73 0.l8 0.00 167.90 64.94 1.26 
1.08 1.271- 0.07 442.37* 0.24 0.91 
1.35t 0.04 0.73t 129.73 28.25 0.43 
0.48 0.01 0.07 65.71 4.56 0.07 
0.37 0.35 0.20 72.49 27.95 0.57 
19.39** 1.56** 3.01** 815.64** 143.08** 6.54** 
0.63t 0.31 0.34t 24.32 18.66 0.l4 
0.72 0.13 0.24 5l.8lt 12.64 0.15 
0.62 0.60t 0.32 13.15 21.21 0.06 
0.38 0.l8 0.11 30.84 31.31t 0.11 
0.34 0.46 0.05 15.73 14.31 0.13 
1.89** 0.26 0.92** 53.84T 5.50 0.l4 
0.46 0.14 0.39 7.97 20.67 0.07 
0.44 0.33 0.25 27.81 16.72 0.25 
1.32 0.38 0.39 69.25 79.30 0.52 
5.85 32.23 68.60 20.71 7.46 15.40 
